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Office of the State Engineer and Surveyor, 

Albast, January 19, 1867. 

To the Honorable the Legislature of the State of JVew York: 

The State Engineer and Surveyor, in obedience to the provis- 
ions of act chapter 377, Laws of 1850, has the honor to submit 
herewith his 

ANNUAL REPORT FOR THE YEAR 1866. 

Engineer Department. 

Under the provisions of act chapter 169, Laws of 1862, which 
declared all contracts for the enlargement and completion of the 
canals of this State, as contemplated by section three of article 
seven of the Constitution, to be completed, it was provided that 
after the first day of September, 1862, no more than one engineer 
and one assistant engineer should be employed upon each division 
of the State canals. 

By act, chapter 477, Laws of 1865, the above act was amended, 
and the "engineers" and ** assistant engineers " were respectively 
designated as ** division engineers" and ** resident engineers." 

Act chapter 794, Laws of 1866, authorized the Canal Board to 
appoint a resident engineer for the extension of the Chenango 
canal. 

But seven engineer are therefore recognized by law as existing 
official engineers, 

' The subordinate engineers are appointed by the Canal Com- 
missioner and State Engineer, on the recommendation of the 
division engineer. 

The offices for the division and resident engineers are located 
respectively as follows: 
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For the Eastern Division at Albany; 

For the Middle Division at Syracuse; and, 

For the Western Division at Rochester. 

An office for the resident engineer on the Chenango canal 
eistension has been established at Owego. 

The expenditures on account of engineering have been 
$57,577.55. 

Amount of work done under the supervision of the department. 

Names of the canals. Amonnts. Total. 

Erie canal $331,258 88 

Champlain canal improvement 159,973 08 

Chenango canal — 50,853 09 

Oswego canal 161,353 27 

Cayuga and Seneca canal 2,509 , 36 

Genesee Valley canal 100,306 50 

Black River canal 17,820 00 

Chemung canal and feeder f 96,706 12 

Chenango canal extension 218,120 00 

Albany basin 19,960 00 

$1,158,860 30 



The cost of engineering equals 4^Yir P®^ c®^* ^^ ^^^ amount 
expended. 

The State canals, for convenience in construction and the super- 
intendence of repairs, have been divided into three general divi- 
sions — Eastern, Middle and Western — each in the charge of one 
Canal Commissioner and one division engineer. 

Eastern Division. 

Names of the canals. Miles. 

Erie canal, from Albany to east bank of Oneida Lake canal, 133.58 
Albany basin (called one mile for tolls by chap. 200, Laws 

of 1849) 77 

Port Schuyler and West Troy side cut ,35 

Pond above Troy dam 3.00 > 

Champlain canal and Waterford side-cut 66.00 

Glen's Falls feeder and pond above 12.00 

Black River canal 35.33 

Black River feeder and pond above dam 12.09 
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Karnes of canals. Miles. 

Delta feeder - - ' 1.38 

Black River improvemeut 42.50 

Total miles 307.00 

This division is in charge of Daniel C. Jenue, division engineer. 



Middle Division. 

Names of the canals. Miles. 

Erie canal, from east side of Oneida lake canal to the east 

line of Wayne county 68.58 

Oneida Lake canal 6.00 

Oswego canal : 38.00 

Cayuga and Seneca 'canal 22.77 

Crooked Lake canal 8.00 

Chemung canal and feeder 39.00 

Chenango canal 97.00 

Oneida River improvement 20.00 

Seneca River towing-path 5.00 

Baldwinsville canal 1.00 

Cayuga inlet 2.00 

Limestone feeder .80 

Butternut feeder 1.55 

Camillus feeder 1.00 



Total miles 310.70 

This division was in charge of J. P. Goodsell, division engineer, 
to January 1st, 1866, and of W. H. H. Gere, division engineer, 
from February 1st, 1866. 



Western Division. 

Names of canals. Miles. 

Erie canal, fronii east line of Wayne county to Buffalo . . . 148.50 

Genesee Valley canal, from Rochester to Millgrove 113.50 

Dansville branch of this canal, from junction at Spraker^s 

to Dansville 11.00 



Total miles 273.00 
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Navigable Feeders.. 

Genesee river feeder at Rochester -^.» » 2*25 

do do Oramel ^.w. ^^ 75 

Total miles 276.00 

The Westeni Division was in charge of O. W. Story, division 
engineer, to July 1st, 1866, and of Walter W. Jerome, resident 
and acting division engineer, since that date. 

The Chenango canal extension has been in charge of Byron M. 
Hanks, resident engineer, from the 15th day of June, 1866. 

From the above statements it will be seen that there are 893»70 
miles of navigable canals and feeders, and there are also 5.68 
miles of unnavigable feeders, making a total of 899.88 miles of 
canals and feeders under the supervision of this department, ex- 
clusive of the Chenango canal extension, in process of construction. 

Chamflain Canal Improvement. 

Regarding this canal as one of the most important arms in our 
system of internal improvements, all efforts to facilitate and 
cheapen transportation through its channels become of great 
public interest, as well as of vital importance to the northern por- 
tion of our State. 

Act, chapter 186, Laws of 1864, authorised **the improvement 
of the navigation of the Champlain canal and Glens Falls feeder, 
in such manner as to give, in the entire length of each, a depth of 
five feet of water and a uniform width of thirty-five feet on the 
bottom, as near as it can be judiciously done, in the opinion of the 
Canal Board, and to complete the work of stopping the leaks on 
the Glens Falls feeder. The estimated cost of the improvement 
was $526,898.48. 

There has been appropriated as follows: 

Under act, chapter 186, Laws of 1864 $295,000 00 

Under act, chapter 156, Laws of 1866 247,500 00 

Total $542,500 00 

The excess of appropriation, $15,601.52, over the estimated 
cost, at contract prices, will undoubtedly be required in miscella* 
neons expenditures authorized by the Canal Board. 

The benefits of these improvements are intended to be fully 
realized on the opening of navigation the coming spring. 
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Another improvement required and not provided for in the 
appropriation already made, is to enlarge the remaining locks, six 
in number^ so as to conform In dimenmons to the improved locks, 
as authorized by the constitutional amendment of 1864. This 
work is important^ not to say absolutely necessary, to make avail* 
able to its full extent the improvement of the prism^ 

The ** Moses KilP^ lock will be enlarged and completed by the 
opening of navigation, 1867. 

Embodied in this report will be found the report of the division 
engineer, giving a full account and details of this work, with 
statements of expenditures for work done and to be done. 

Chenango Canal Extens^c^^. 

The work on this important improvement has been vigorously 
prosecuted during the past yean 

The following statement will show the condition of the work: 
Work under contract at contract prices.. .-..*----..i.-w $1, 120,946 
Estimated cost of work not under contract *«^ 424,856 
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$1,545,802 
Amount appropriated by act, chapter 185, Laws of 

1866 $550,000 

Amount appropriated by act, chapter 649, 

Lawsof 1866. 275,000 

825,000 



1 « ii<naa.ai* 



I* I I ■ 



Leaving a deficiency oL .....**. ..-.*-u $720,802 



SB 



There has been expended on this work up to October 1st, 1866, 
the sum of $234,760. 

It will be seen that the appropriations thus far made, do not 
cover the cost of the work under contract* as will appear by the 
following figures: 

Work under contract $1,120,946 

Amount appropriated * ^-.^*. 825,000 
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Leaving a deficiency of**.**.^ * *.. $295,946 

The length of this extension is 40^ miles from its junction with 
the Chenango canal at Binghamton, to the Pennsylvania State 
line, where it is to be met by an extension of the North Branch 
canal of Pennsylvania. 
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The southern terminus has not yet been definitely determined 
upon. In the estimated cost to complete the work, the cheapest 
line has been assumed. 

Regarding this work as of great importance to the people of 
the southern and central portions of the State, I would recom- 
mend that the necessary appropriation be made, to ensure its 
completion by the first of May, 1868, or May, 1869, at the farthest. 

In the report of the division engineer of the middle division, 
and of the resident engineer in immediate charge of the construc- 
tion of the work, which reports are embodied herewith, a full 
description of the condition and character of this work will be 
found. 

Enlargement of one Tier of Locks. 

The time seems to have arrived when it is evidently the true 
policy of the State to initiate and perfect as speedily as possible 
some plan to increase facilities of transit and cheapen transporta- 
tion over th& main lines of our canal communication between tide 
water and the lakes. 

The great producing and shipping interests of the West are 
active and earnest in seeking some outlet that shall cheapen the 
cost of transportation and lessen the risks and delays they are now 
subjected to in passing through our State. 

This desire is rational, and its intensity must increase until that 
relief is found, either partial or complete. I do not doubt the 
propriety or necessity of making every proper and judicious effort 
to retain through our own lines of communication, so long estab- 
lished, the great market highways between the seaboard and the 
West. They are a part of our history, are among the chief sources 
of our prosperity, and have become a necessity for our people. 

The plan of the enlargement of the capacity of the locks from 
the lakes to tide water is the practical solution of the difficulty, 
and will secure us for the present in the continued control of this 
great traffic, by furnishing to it a quicker, safer and cheaper route 
than can be found elsewhere. 

But so rapidly is the great West increasing in population and 
all the elements of national wealth and prosperity, even this relief 
can only be adequate for a limited number of years. 

One tier of enlarged locks, with a capacity of chamber 220 feet 
in length between the quoins, and a width of 25 feet at the top 
water line of the lower level, will admit the passage of boats with 
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SIX feet draught of water, equal to a tonnage displacement of 684 
tons, or a cargo of 500 tons; and with an equal distribution of 
boats, a capacity of 5,000,000 tons in each direction per season. 

The cost of transportation as compared with boats of the present 
tonnage will be reduced from 2^^^^ to 1^^ mills per ton per mile, 
based upon the movement by horse power. 

The experiments thus far made in the use of steam as a motor 
have been unsuccessful. This result is attributable to the want of 
capacity in the locks. The room occupied by the power necessary 
for rapid transit is too great, as compared with the space remain- 
ing for stowage of cargo, to make its use economical. This diffi- 
culty will be greatly lessened, if not entirely removed, by the use 
of the large boats. 

They will have in length an increase of 2^^^ diameters over the 
present class, and conform to the general proportions of length, 
to beam, adopted by our commercial marine. 

That the use of steam for motive power will be at once applied 
to the enlarged boats I have no doubt, and it is the belief of per- 
sons whose practical knowledge of this subject gives to their opin- 
ion great value, that the cost of transportation will be reduced 
thereby from 45 to 50 per cent. 

As there are no parallels in the use of steam exactly suiting the 
condition in which our canals will be placed, with enlarged locks, 
the problem must be worked out by actual experiment; yet all 
experiments in cases the most analagous confirm the belief that the 
results anticipated will be fully realized. 

The enlarged locks will in no wky interfere with the lockage of 
boats of the present dimensions. These will still have the use of 
one tier of locks, as at present existing, while the enlarged locks 
will have sufficient capacity to receive two boats at a time in cases 
of emergency, and it is believed that these boats can be passed in 
much less time than in the present locks, for the reason that they 
can be put into and taken out of them more rapidly. 

Most of the time at present required for locking loaded boats 
is consumed in forcing the boat into a lock which it almost exactly 
fills, against a body of water which has no means of escape except 
by the exceedingly limited spaces between the boat and the bot- 
tom and sides of the lock. 

It is true that the maximum season capacity of the present locks 
has never been reached, and it is equally true, in my belief, that 



12 ANNUAL KEPORT OF THE 

such maximum will never be reached unless great reductions can 
be effected in the present cost of transportation. 

The avenues by which the great Western trade can reach the 
seaboard are numerous. It will of necessity seek those channels 
by which it can be moved at reasonable rates at those limited sea- 
sons to which its movement is generally confined. 

If the State of New York can meet these conditions, she will 
continue to control this traffic; but we must adapt our facilities to 
the wants of commerce, instead of endeavoring to force the latter 
to use our canals at those seasons when there is but little occasion 
for their use. 

The movement of the fall crops of the west cannot be forced 
into the summer months of the same season, and unless we can 
furnish far greater facilities than we are at present able to offer, 
they must be driven into other channels, which, although more 
expensive, will relieve them from the only other alternative — to 
lie idle until the ensuing summer. 

The enlarged locks should be constructed of heavy rubble 
masonry, with vertical fender-timbers in the chamber, and cast- 
iron hollow quoins. This change in the character of the masonry 
from that now in use will materially reduce the cost, and give 
equal convenience, permanence and durability. 

These locks will, wherever double locks now exist, have the 
benefit of one lock wall already constructed for a length of one 
hundred and twenty feet, and all the material necessarily removed 
from the present locks can be used in the enlargement. 

The Lockport locks must necessarily be reduced in number 
from five to three, on account of the pecularities of location, and 
these should be built of cut stone. 

At such points upon the canals as it may be deemed necessary 
to economize the use of water, extra gates can be inserted in the 
center of the enlarged locks, to be used in the lockage of boats 
of the present class. 

If a law authorizing the construction of enlarged locks shall be 
passed in such time that the Canal Board may place them under 
contract by the first day of April, they can be constructed and 
ready for use by the first of May the following year, provided 
the labor requisite for so vast an undertaking can be procured. 

On this point I have serious doubts, especially as regards me- 
chanical labor. So trifling an amount of public works of any 
kind have been in progress in our State for the past five or six 
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years, that this kind of labor has sought employment elsewhere, 
and has become so scarce that it has been found difficult to pro^ 
cure enough for the ordinary work upon our canals. 

The dictates of prudence in this regard should be carefully 
heeded, and the time of their completion, perhaps, extented 
through two seasons. In the meantime, contractors can make 
their arrangements for labor of every description, and procure 
and deliver all the materials required for the work, and perfect 
an organization of forces that would insure success beyond a 
doubt. If, on the other hand, it should be the judgment of the 
Legislature that the requisite labor can be procured, it is plainly for 
the public interest that the work be done in 1 year rather than in 2. 

The work can all be done in such time and manner as not to 
interfere with navigation, or subject the forwarding interests to 
those delays and embarrassments necessarily imposed upon them 
during the progress of the late enlargement. 

In a report submitted to the Legislature February 4, 1864, by 
the Hon. Wm. B. Taylor, late State Engineer, will be found a full 
and elaborate estimate of the cost of enlarging one tier of locks 
where double locks at present exist, and of constructing single 
enlarged locks at other points, together with all other work 
necessary to bring the new locks into successful use. This esti- 
mate was made with great care and labor, and, I am satisfied, is 
safe and reliable as a basis for the cost of the work. 

The prices used in the estimates are believed to have been ample 
at that time, and more than sufficient for the present or future, but 
it is deemed prudent not to reduce them in order that they may 
may be adequate to cover any possible contingemeies that may 
arise in the progress of the work. 

The following is a summary of the cost of enlarging the locks 
and constructing the work necessary to bring the same into use, 
as set forth in the above report: 

For enlargement of locks (Erie & Oswego canals), $6,888,950 75 

do aqueducts and culverts 268,343 00 

do bridges 121,211 00 

For removing wall benches 1,794, 110 00 

For additional feeders and reservoirs 393, 134 00 

For deepening canal one foot 1,939,970 00 

For land damages and removing buildings 409,800 00 

For engineering and contingencies 1,067,651 00 

Total $12,883,169 75 
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By substituting rubble masonry and cast iron hollow quoins for 
the masonry provided for in the above estimate, and dropping 
from the estimate the cost of one guard lock on the Oswego canal, 
(which by a change of plan it will be unnecessary to build,) a 
reduction in the cost of locks can be effected of $933,826, making 
the estimated cost of one tier of enlarged locks $5^955,124.75. 
Other items embraced in above estimates, (except for deepening 
canal one foot,) $4,054,249.00. Total estimated cost of enlarging 
locks and bringing same into use, $10,009,373.75. 

The expediency of deepening the present canal one foot while 
retaining its present limited width, may be considered at least 
doutbful, and the cost of that item amounting to $1,939,970 is not 
included in the above estimate. 

If experience in the use of steam, in boats of the dimensions 
proposed should demonstrate the necessity of obtaining an addi- 
tional depth of canal, the work can be performed without addi- 
tional expense on account of the delay. 

The sum of $1,794,110 required for removal of old wall-benches, 
and included in the estimate, should not properly be considered 
as necessarily belonging to this contemplated improvement, as this 
work is requisite to improve the working capacity of the canals 
even with the present locks, and its importance has been repeatedly 
urged upon the attention of former Legislatures. 

If this last item is omitted from the estimate, it will stand as 
follows: 

For enlargement of locks $5,955,124 75 

For other necessary work .^ ., , 2,260,139 00 

Total . $8,215,263 75 

Bridges. 

The total uwmber of bridges upon all the State canals, is one 
thousand three kmidred and eighteen, as follows: 

Upon the enlarged canals, viz: The Erie, Oswego, and Cayuga 
and Seneca, bridges of not less than seventy-two feet clear span: 
Street and road bridges of iron 161 

do do do wood 236 

Farm do do iron 6 

do do do wood 192 

Tow path and change bridges of iron 1 

do do do wood 31 

627 
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Bridges of not less than fifty feet span, located upon 
the Champlain, Chenango, Black Biver, Oneida Lake 
ChemuDg, Crooked Lake and Genesee Valley canals; 

Street and road bridges of iron 19 

do do do wood 328 

Farm do do wood 320 

Tow path and change bridges of wood 24 

691 



Total 1,318 



The wider and more expensive bridges, being chiefly located in 
cities and villages, have mostly been rebuilt in a permanent manner 
of iron. The total number of iron bridges on all the canals is 
187, of which 180 are on streets and roads. 

There still remain of wood superstructures 1,131, of which 
564 are upon roads and streets. These brids:es require rebuilding 
as often at least as once in eight y^ars, and it has become a serious 
question, whether the best interests of the State do not require 
that at least the street and road bridges shall all be replaced, 
whenever failures of the present superstructui'es occm-, by perma- 
nent iron structures. 

This would require -a much larger present outlay than would the 
renewal of the wood structures, but when once built, a heavy 
annual drain upon the canal revenues would be stopped, and the 
only serious item for maintaining them in future^ would consist 
in occasional renewal of the floors or road-ways. 

Many of these bridges are at present, and it is presumed that 
many more will, in the future, be used hy street railroads. Most of 
them are much used by heavily laden teams in crossing 
the canals^ and owing to the rapidity with which they decay and 
become insecure after the first five or six years, they are xi constant 
source of apprehension and annoyance. 

On the other hand, the iron superstructures are permanent and 
secui^ and at once cease to be. a source of anxiety to those who 
are compelled to use them, and also cease to figure in the esti- 
mates of bidders for canal repairs, in which they now constitute a 
most important iteni. 

The following shows the estimated cost of rebuilding all the 
superstructures of street and road bridges of wood: 
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236 street and road bridges of not less than 72 feet 

span, at $850 $200,500 

328 street and road bridges of not less than 50 feet 

span, at $530 173,840 

Total $374,440 

The reconstruction of the above in each eight years involves an 
annual expenditure of $46,805 A,t the above estimate of cost. 

The estinoiated cost of rebuilding the above bridges of iron is as 
follows: 

236 street and road bridges of not less than seventy-two feet 
span, $2,170 $512 120 

328 street and road bridges of not le^s than fifty feet 

span, $1,340 ^ 439 520 

Total. $951 640 

The above estimate would require an annual expenditure of 
$118,955 for eight years, or $95,164 for ten years, after which all 
expense from this source would cease, except for a periodical re- 
newal of the roadways. 

At a Btteeting of the Canal Board, held at the Canal Department 
on the second day of October last, the following resolution was 
offered by the State Engineer and Surveyor, and was adopted by 
the Board: 

I{esol^redy ThsLt'in the opinion of the Canal Board, whenever it 
shall become necessary, to rebuild any road or street bridge on 
any of the canals, of this State, that the same should be rebuilt, or 
reconstructed of iron, and that all resolutions of this Board con- 
flicting with this declaration are hereby repealed. 

It is respectfully recommended that the legislation necessary to 
enable the Canal Board to carry out the plan embraced in the 
above resolution may be had. 

Navigation of the Canals. 

The interruptions to navigation, consequent upon the occasional, 
not to say frequent, occurrence of breaks, is a very serious cause 
of complaint to those engaged in shipping and transportation. 
These accidents will of necessity occur, but a judicious system of 
increased protection applied at all dangerous points will greatly 
lessen the risks and frequency of such interruptions. 
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The more important embankments along the margin of the 
Mohawk river, at Montezuma, Cartersville, Holly, and other points, 
should be thoroughly watched and guarded, and all the precau- 
tions used and remedies applied that discretion and foresight may 
deem adequate. 

Your attention is respectfully called to the suggestions and 
recommendations relating to this subject, which are contained in 
the reports of the division engineers having more particular charge 
of the work, which are embodied in this report. These recom- 
mendations are fully endorsed. 

The necessity for the removal of what are called the **wall 
benches," and the substitution therefor of slope wall, on the plan 
adopted by the Canal Board, is becoming every year more 
apparent. 

The tendency of the bench or berm which underlies the wall, 
to settle and slough into the prism, materially obstructs and 
embarrasses navigation by lessening the bottom width of the chan* 
nel, and by the settling and sliding of the wall interferes with the 
safety and usefulness of the banks themselves. By its removal 
and the substitution of a wall starting at canal bottom, the cross- 
section area of the water-way is increased, the banks are secured, 
boats can be moved more rapidly, and the danger of grounding 
on the slopes avoided. 

At West Troy the locks upon the upper side-cut leading into 
the Hudson river (two in number) are single. The necessity for 
doubling the same is becoming imperative from the increase of 
business seeking outlet to the river at this point. 

The following statement of lockages for the past year will show 
the distribution : • 

Lock No. 1, Albany, double 6,099 

do 2, Albany, single 1 12,303 

do 3, West Troy junction, double. . - 27,331 

Upper side-cut. West Troy, single - 17, 170 

Lower side-cut. Port Schuyler, single 5,971 

Under act, chapter 503, Laws of 1866, the improvement of the 
Albany basin has been placed under contract and the work is in a^ 
forward state. The improvement will be completed in time to 
realize the benefits expected to be derived therefrom early the 
ensuing season. 

[Assem. No. 27. j 2 
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A vertical wall should be erected on the berme side of the canal, 
between the big basin and Clay street, in the city of Utica. The 
berme has been dredged out, but no protection wall has been put 
in, whereby the navigation is embarrassed at that point. 

A vertical wall from the foot of lock No. 48, to the head of 
lock No. 49, in the city of Syracuse, is urgently needed to facili- 
tate the navigation on that important level. The estimated cost 
is $29,811.91. 

The completion of the improvement of the Nine Mile Creek 
feeder, authorized by act chapter 72, Laws of 1863, is of great 
importance, and should be prosecuted without delay. An appro- 
priation of $2,200 is required to complete the work and pay 
balance due for work already done. 

The heavy embankments across the Montezuma marshes are not 
slifBciently strong to bear safely the great pressure upon them. 
A breach in this work would suspend navigation for weeks, as no 
material for repairs is to be found in the vicinity, and the conse- 
quent cost and delay, in case of disaster, would be very great. 
The banks need strengthening and securing in nearly their entire 
length, and it is urgently recommended that an appropriation of 
$30,000, as suggested in the report of Mr. Gere, the engineer of 
this division, be made, for the purpose of securing immediately 
the more dangerous points. 

The engineer of the Western Division reports that a portion of 
the towing-path bank on section 366, requires protection from the 
rapid cuiTents of the Niagara river. An appropriation of $8,700 
is recommended for this purpose. 

' The use of the weigh-lock at Rochester is much embarrassed in 
consequence of the difficulty of ingress and egress caused by the 
peculiar conformation of the canal at that point. An appropria- 
tion of $7,300 is recommended for the purpose of straightening 
the berme bank and constructing a vertical wall at that point. 

The reconstruction of the locks on the Chenango canal is a 
question of serious importance. The original locks were mostly 
of the composite order. Their entire number was 114, of which 
four were of cut stone, and eight have been rebuilt These locks 
are fast going to decay, and many of them require immediate 
reconstruction. The division engineer in charge states that Nos« 
52, 55, 61, 65, 78 and 79 should be rebuilt the ensuing season. 

I respectfully urge upon the Legislature the necessity of the 
adoption of a system looking to the reconstruction of the locks 
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upon this cinal, which will require rebuilding within a period of 
ten or twelve years. This would require an annual appropriation 
of $65,000. 

The high dam upon the Oswego canal is one of the most im- 
portant and expensive structures upon that canal. Under act 
chapter 470, Laws of 1865, all of the dams upon this canal were 
authorized to be rebuilt of stone. Most of these dams have 
already been reconstructed, or are in process of construction. 

This dam is, by the' report of the division engineer in charge, 
pronounced unsafe and its reconstruction recommended. Before 
this is done it is suggested that a comparative estimate be made 
to ascertain whether it would not be better economy to build a 
guard bank in the river, with a view to establish an independent 
canal between locks Nos. 14 and 15, than to reconstruct the dam 
upon a new site. 

Increased harbor facilities are required at the village of Wat- 
kins, at the head of Seneca lake and foot of the Chemung canal. 
The large and rapidly increasing business, at this point, growing 
out of the transhipment of coal from cars to boats of the large 
class, renders the erection of a breakwater, one thousand feet in 
length, indispensible to the security and safety of boats lying in 
the harbor, and also the dredging of such increased area of harbor, 
to accommodate boats of this class. The estimated cost of this 
improvement is $50,000. 

The attention of the Legislature is particularly invited to the 
full, careful and thorough reports of the division engineers, which 
are embodied in this report, and which contain all the details relat- 
ing to the management and the requirements of the various canals 
of the State. 

Survey of Marine Hospital Grounds. 

Act, chapter 751, Laws of 1866, entitled **An act in relation to 
quarantine in the port of New York, and providing for the con- 
struction of the permanent quarantine establishment," provides as 
follows: 

Sec. 7. Immediately after the passage of this act, the said board 
of commissioners mentioned in the foregoing first section, shall 
cause the real estate owned by the State in the town of Castleton, 
formerly used for quarantine purposes, and known as the marine 
hospital grounds, except that portion of the southeast comer of 
said grounds which is bounded and described as follows, to wit: 
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"All that certain piece or parcel of land commencing at a point 
on the landH under water, distant fifty feet northerly from the 
northeasterly corner of the new quarantine dock, and ninnin^ 
thence westerly on a line parallel with the boundary line between 
the lands of the United States and said marine hospital grounds, 
to the fence now erected on said grounds, in the rear of the health 
officer's residence; thence southerly along said fence to Arietta 
street ; thence easterly along said street to a point on the 
land under water, which would be found by the intersection 
of the southerly line of said grounds with the easterly line 
extended of said new dock; and thence northerly along said 
easterly line of said new dock to the point or place of begin- 
ning,'' to be surveyed out into lots and blocks, making provision 
for such streets through the the same as may be necessary, and 
three accurate maps of the same, made by the State Engineer and. 
Surveyor, under direction of said board. 

In obedience to the foregoing requirements, the State Engineer 
and Surveyor organized a party, under the immediate direction of 
J. Nelson Tubbs, Esq., civil engineer, and caused the necessary 
surveys and maps to be made under the direction of the aforesaid 
board of commissioners. 

Survey of a route for a railroad from the City of Schenectady to 
a point on the St. Lawrence inver at or near the village of 
Ogdensburgh, 

Act chapter 897 Laws of 1866, directed the State Engineer and 
Surveyor to appoint a competent and experienced engineer, whose 
duty it shall be to explore a route for a railroad commencing at 
the city of Schenectady, or at the most favorable point to reach 
and develop the State lands, or at such a point in its vicinity as 
shall be most eligible and convenient, and continue such survey in 
the most direct and feasible route to a point on the St. Lawrence 
river, at or near the village of Ogdensburgh, in St. Lawrence 
county. 

The appointment of Richard Franchot, Esq., as superintending 
engineer, was made early in the season, and a full party put in the 
field as soon as a perfect organization could be eflected. 

The field work is being rapidly pushed forward, and nearly one. 
half of the route examined. It was impossible, owing to the 
peculiarities of the country and climate in that region, to com- 
plete the surveys during the past season. 
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Survey of the Hudson River and Champlam Canal. 

A sui-vey of the Hudson river, from tide- water to Fort Edward, 
to test its practicability for purposes of navigation; also a survey 
of the Champlain canal, from tide-water to Lake Champlain, Tor 
an estimate of the cost of the enlargement of the same, was 
authorized by act chapter 33 Laws of 1866. 

These sui-veys were placed under the charge of Samuel McElroy, 
Esq., an engineer of ability and large experience, and the field 
work begun in June. 

The work is progressing satisfactorily, and it is believed the 
estimates, maps and plans required to be submitted to the Canal 
Board on the first day of January next, can be nearly if not quite 
completed by that time. 

This is a work requiring a great amount of labor and calcula- 
tion, and the appropriation made by said act to defray expenses, 
it is believed, will be inadequate to that end. 

hnprovement of the Hudson River, 
Act chapter 491 Laws of 1866, designated the State Engineer 

and Surveyor as one of the commissioners for the improvement of 

Hudson river between Troy and New Baltimore. 

This important subject has received the careful consideration of 

this dei3artnient, and the report of the commissioners of the results 

accomplished, the expenses incurred, and the application of the 

money received, is hereto attached. 

Mops of the Enlaiye^nent. 
The sum of $6,730.37 was appropriated by act chap. 543 Laws 
of 1866, for the purpose of defraying the expenses, under the 
direction of the Canal Board, of finishing and completing the 
maps of the enlargement and completion of the canals of the 
State, which have hitherto remained unfinished for want of funds. 
By a resolution of the Canal Board, passed September 18, 1866, 
this work was placed under the direction of the State Engineer 
and Surveyor. 

A uniform style of map has been adopted for all the canals, and 
the work is progressing satisfactorily. The maps, when completed 
and approved by the Canal Board, will become the oflBcial maps 
for the Canal Department. 

Respectfully submitted, 

J. P. GOODSELL, 
State Engineer and Surveyor. 



EASTERN DIVISION. 



DmsioN Ekgin££R's Office, 
Albany, Oct. 15, 1866. 

Hon. J. P. 6ooD8£LL, State Engineer and Sm^eyov: 

Sir — ^The regulations established under act chapter 169, Laws 
of 1862, require that each division engineer 9hall report annually 
the condition of all work in progress, and the number and com- 
pensation of all persons employed in the engineer department 
during the year, on his division. 

In obedience to the same I have the honor to present my 

ANNUAL REPORT 

on the Eastern Division of the New York State canals for the fiscal 
year ending September 30th, 1866. 

The navigable canals, river improvements and feeders remain 
the same as last year, and are as follows: 

Erie canal from Albany to east bank of Oneida Lake 

canal 133.58 

Albany Basin (called one mile for tolls by chapter 200, 

Laws of 1849) 77 

Port Schuyler and West Troy side cut .35 

Pond above Troy^dam ^ 3.00 

Champlain canal a|id Waterford side cut 66.00 

Glens Falls feeder and pond above 12.00 

Black River canal 35.33 

Black River feeder and pond above dam 12.09 

Delta feeder 1.38 

Black River Improvement 42.50 

Total Eastern Division 307.00 
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The other feeders and reservoirs are as follows: 

Feeders. 

Mohawk river at Rexford Flats 0.39 

Schoharie creek 0.63 

Mohawk at Rocky Rift 3.92 

Mohawk, south side at Little Falls 0.19 

Mohawk, north side, at Little Falls 0.50 

Mohawk at Rome 0.05 



Total length unnavigable feeders 5. 68 



Reservoirs. 

Area of sur- Average Depth Capacity 

Names. face, acres. area, acres. feet. cabic feet. 

Woodhiill 1,236 1,118 18 876,550,000 

North Branch, which can 

be filled twice yearly, 423 277 28 310,000,000 

South Branch 518 372 26 421,190,000 



Totals 2,177 1,767 .. 1,607,740,000 



Supply of Water for Erie Canal. 

Quantity 

Distance to famished 

Whence derived. be supplied in cub. ft. 

in miles. per min. 

Champlain canal, from Mohawk river at Cohoes. 7 6,570 

Mohawk river at Rexford Flats 20 10,979 

Schoharie creek 25 6,800 

Mohawk river at Rocky Rift 27 10,602 

Mohawk river at Little Falls . . 9 12,643 

Ilion creek 800 

Chenango canal at Utica 911 

Butts' creek, 2^ miles east of Rome.. 1,4001 

Mohawk and Black rivers at Rome- . . 11,766^ ** ^^»^^^ 

Black River canal at Rome 1,294 

Wood creek at Rome 125 

Total 63,890 



Supply of Water for Champlain Canal. 

From junction with the Erie canal at West Troy to one mile 
noith of Waterford, a distance of five miles, the supply is from 
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the Mohawk river at Gohoes; from one mile north of Waterford 
to the crossing of the Hudson river 2 J miles south of Fort Miller, 
a distance of 25 miles, the supply is from the Hudson river at 
Saratoga dam; from Saratoga dam to Whitehall, a distance of 35 
miles, the supply is from Glens Palls feeder and Wood creek. 

Supply of Water for Black River Canal. 

From junction of Erie canal at Rome to lock No. 9 at Mohawk 
aqueduct, seven miles, the supply is from the feeder from Mohawk 
river at Delta; from lock No. 9 to lock No. 34, ten miles, the sup- 
ply is from Lansing Kill feeder; from lock No. 34 to lock No. 
102, 17 miles, the supply is from Black River feeder; from lock 
No. 102 to lock No. 109, 1 J miles, the supply is from pond above 
dam at Lyons Falls. 

The water furnished by the reservoirs (which is drawn only in 
the very dry season of the year), is passed down through the 
natural channels of Black river and Woodhull, about twenty miles 
each, to the pond above dam at head of Black River feeder, thence 
the necessary quantity is taken into said feeder and passed to the 
summit level at Boonville. From the summit the canal is sup- 
plied both ways. The balance which is designed to supply the 
Erie canal is passed oflf at the south end of the summit by a waste 
weir into the Lansing kill, thence into the Mohawk river, and 
taken into the Erie canal by the feeders from said river at Rome. 

Engineer Department. 

The number of persons employed in this department on the 
last day of the fiscal year, besides the division and resident 
engineer, was eighteen. Of these, nine were employed on the 
improvement of the Champlain, two on the lock and dam on 
Black river, and the balance on general repairs, construction of 
Rexford Flats dam, bridge over the Erie canal at White street, 
Cohoes, and the improvement of the Albany basin. 

The annexed table marked No. 1 exhibits the name, rank, 
period of service and compensation of all persons employed 
during the year, and the amount expended for engineering. 

All the ordinary repairs of the several canals on this division 
are under the general supemsion of this department, as required 
by act chap. 169, Laws of 1862, and the expenditures for engineer- 
ing under this head have been as follows: 
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Repairs of the Erie canal ...,. $3,360 22 

Repairs of the Champlain canal 1,598 80 

Repairs of the Black Biver canal 1,054 47 

Total for repairs $6,013 49 

The work on extraordinary repairs ordered by the Canal Board has 
been under the supervision of this department, but the expendi- 
tures for engineering have been paid by the Canal Commissioners, 
and the amount is as follows: 

lExtraordinary and ordinary repairs, Erie canal $1,460 50 

Expenditures for engineering on improvement of 

Champlain canal 10,030 12 

Expenditures for engineering on improvement of 

Black river, under act chap. 151, Laws of 1864 . 1,014 50 

Expenditures for engineering on improvement of 

Albany basin, under act chap. 503, Laws of 1866, 748 00 

Total expenditures for engineering for the fiscal 

year 19,266 61 

Work on the Different Canals. 

The amount of work done during the fiscal year on all the 
canals of this division, under the supervision of this department, 
i^ as follows: 

Miscellaneous repairs Erie Canal $90,730 04 

Extraordinary do 53,320 53 

Total Erie canal $144,050 57 

Miscellaneous repairs Champlain canal, $4,518 58 
Improvement of do 159,973 08 

Total Champlain canal 164,491 66 

Miscellaneous rep'rs Black River canal, 

Improvement of Black river $17,820' 00 

Total Black River canal 17,820 00 

Improvement of Albany basin, act chap. 503, Laws 
of 1866 :.-...- 19,960 00 

Total work done $346,322 23 
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The wor^ done on ordinary repairs by the superintendents and 
repair contractors, subject to the advice and direction of this 
department, is as follows: 

Urie Canal. 

Section No. 1, by repair contractors . . $68,628 00 
do by superintendents 1,782 66 

Total for section No. 1 $70,410 66 

Section No. 2, by repair contractors .• $27,761 49 
do by superintendent 17,053 96 

Total for section No. 2 44,815 45 

Section No. 3, by repair contractor $16,780 00 

do by superintendent 11,808 49 

Total for section No. 3 28,588 49 

Section No. 4, by repair contractor $22,900 00 

do by superintendent 8,290 57 

Total for section No. 4.. 31,190 57 

Section No. 5, by repair contractor. . . $12,000 00 

do by superintendent 2,137 52 i 

Total for section No. 5 14,137 52 



Total for Erie canal $189,142 69 



Ohcmplain Gcmah 

Section No. 1, by repair contjiactor $25,800 00 

do by superintendent 2,075 10 

Total for section No. 1 $27,875' 10 

Section No. 2, by repair contractor $19 400 00 

do by superintendent 3,160 63 

Total for section No. 2 22,560 63 

Section No. 3, by repair contractor... $12,000 00 
do by superintendent 356 00 

Total for section No. 3. 12,356 00 



Total for Champlain canal $62,791 73 
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Blaeh liiver CanaL 

Section No. 1, b}' repair contractor-.- $12,917 83 
do by superintendent *-.. 11,117 62 
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Total for section No. 1 $24,035 45 

Section No. 2, by repair contractor--- $7,572 60 
do by superintendent 3,095 97 



•>kii>'Mib_^oa^^^_« . 



Total for section No. 2 10,668 57 

Section No. 3, by repair contractor $9,750 00 

do by superintendent 1 

Total for section No. 3 9,750 00 

Total for Black River canal $44,454 02 

Total for all canals , $296,388 44 



All ordinary repair work under contract, except that included 
in the regular repair section contract, is under the direct super- 
vision of the Engineer Department, and all plans of new struc- 
tures are furnished from this office. The ordinary repairs 
embraced in the section contracts are under the special direction 
of the superintendents. 

GENERAL DESCRIPTION OF WORK DONE DURING 

THE YEAR. 

ERIE CANAL. 

Ordin-^ry Repairs. 

The masonry in the piers on the berme side of the lower 
Mohawk aqueduct, above bottom of trunk, had become j^artially 
displaced by: the thrust of the lateral braces to the trunk under 
which they toed into the masonry. These piers, twenty-five in 
number, were taken down last spring to bottom of trunk on the 
berme side and relaid, and each course secured with dowell bolts 
to the course below. The lateral braces to the trunk had to bo 
replaced. This work has been a good improvement, but still, at 
the west end, where the canal curves short into the aqueduct, 
boats very often strike the side of the trunk, and by this means, 
since the above work was done, the masonry in the first pier from 
the west end has been again started off below the point where it 
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was bolted, and it has become necessary to protect the lower end 
of the pier by extending braces from it, and abutting them into 
the rock in the bed of the river. The masonry of this part of the 
work was built too light to receive the strain brought upon it from 
the lateral braces, and the proper remedy is to brace the centre of 
the trunk by extending the needle beams outside of the trunk some 
ten or twelve feet, supporting the ends by a vertical truss, with 
braces toed into the pier, and putting in additional braces from 
these needle beams to posts on the side of the trunk, by which 
means the structure is rendered perfectly secure without any hori- 
zontal strain being brought on the piers. 

During last winter the trunk of the upper Mohawk aqueduct 
was rebuilt in a most substantial manner by the superintendent, 
and is now in perfect order. The bemie side of this trunk was 
similarly strengthened by extending the needle beams and bracing 
from the same. This plan perfectly answers the purpose designed. 

All the timber and plank docking on the berme side, and about 
one-half on the tow-path, for a distance of about a mile and a half 
west from Schenectady, was rebuilt last winter by the superintend- 
ent, and the materials are all on hand for finishing the balance on 
the tow-path side. This work, together with the rebuilding of the 
trunk to the upper Mohawk aqueduct, was reserved from the 
repair contract of section No. 2 when the same was let. 

The weigh lock at Utica has been thoroughly repaired. A scale 
beam has been inserted on a most appropriate plan, and the old 
scales carefully adjusted by a competent mechanic skilled in this 
branch of business. The whole now works with great accuracy 
and is in every respect an important improvement. Heretofore 
these scales have been used with a swing platform, with weights 
placed upon it to determine the weight of boat and cargo, the 
result being arrived at by counting the number of weights required 
to balance the boat. By this method errors must occur, while 
upon the scale beam the exact weight is indicated. 

In consequence of the Genesee bridge at Utica not having been 
raised to the height adopted by the Canal Board when the work^ 
was done, a portion of one of the sidewalks was torn off last fall 
by a passing boat, causing considerable detention and trouble tO' 
navigation. Very many of the boats navigating this canal strike 
this bridge in passing under it, and there seems to be no other 
remedy but to raise the bridge about one foot higher. 

By act, chap. 298, Laws of 1858, amended by act, chap. 297, 
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Laws of 1863, and by act, chap. 428, Laws of 1865, the Canal 
Commissioners were required to build a bridge across the canal 
near White street, in the village of Cohoes, to be paid for from 
the ordinary repair fund. This work was put under contract in 
the summer of 1865, and is now progressing. It will be very 
expensive, as it is probably the most difficult place on the Erie 
canal to construct a bridge. The superstructure is one hundred 
slnd ten feet span. The approaches run each way along parallel 
with the towing-path about three hundred feet, and require a pro- 
tection wall in the highest point of twenty-six feet. 

On the morning of the 15th of June a very serious break 
occurred about five miles west oC Schenectady, the towing path 
bank for some 300 feet being carried away to the surface level of 
the water in the Mohawk river, which, at this point is about 
twenty feet below bottom of canal. The earth was taken out 
from bottom for a distance of 150 feet farther, to a depth of some 
fifteen feet, and the berme bank was washed off to a considerable 
extent. The repair contractor, assisted by the superintendent, 
and other State officials, promptly repaired this break at an ex- 
pense of about $20,000, the State paying all over $5,000, accord- 
ing to the terms of the contract. Navigation was suspended nine 
days, which was the least possible time in which the work could 
be done. The canal at this point for about half a mile is con- 
structed in part in the cha .nel of the Mohawk river. It is pro- 
tected on the river side by a heavy rip rap and slope wall. The 
materials of which the prism is composed is of a sandy formation, 
not calculated to resist the action of water. As there have 
formerly been some heavy breaks at other portions of this bank, 
the only true remedy for making permanent this part of the canal 
is to take up the inside protection walls, excavate out the bottom 
and sides to a depth of from one and a half to two feet, and after 
lining them with good clay and gravel, to replace the walls. 

On the 21st of July a break occurred in the bottom and towing 
path bank of canal, through a culvert located about one mile west 
of Castle creek, or four miles east of Little Falls. This break was 
promptly repaired temporarily by stopping up both ends of the 
culvert, and letting the water flow back over a few acres of land 
on the berme side. The work was done by the repair contractor. 
It Is not yet decided in what manner to make the permanent re- 
pairs after navigation closes, but it is proposed to dispense with 
the culvert and take the stream into the canal, as there is a waste 
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wier but a short distance west, and Castle Creek aqueduct, one 
mile east, and the. flood waters from the stream can be very easily 
passed out of the canal. 

At different points several lock-gates have been carried out by 
boats, and some delay to navigation has been occasioned in conse- 
quence of there being no gates on hand ready to put in. The 
repair contractors should be required to keep, constantly on hand, 
ready framed gates for the different locks, so that in case of any 
failure one could be inserted with very little delay. 

Extraordinary Repairs. 

The work of removing benches and slope wall, and the con- 
struction of vertical and slope wall between locks Nos. 1 and 2, 
has all been completed, and the beneits resulting to the lumber 
district and the north part of the city of Albany, in the vicinity 
of the canal, are very plainly developed. 

The stone dam across the Mohawk river at Rexford Flats, is 
now nearly completed. Owing to the action of the water during 
the past winter, in tearing out the natural rock in the bed of the 
river, it has been deemed necessary to put in an apron below the 
dam to prevent undermining the masonry below. This work is in 
progress, and is performed by sinking cribs of timber, well bolted 
together, ten feet wide, and filling them with loose stone. The 
top is coped with hard wood timber, ten inches thick, well bolted 
to the cribs, and with an inclination of two feet down stream. It 
is very important that this work be completed, as it will finish up 
the permanent dams along the Mohawk valley, which are so 
necessary for the general supply of water for this part of the 
canal. On account of the inefficiency of the contractor its con- 
struction has been delayed for two years, but it will be finished 
this fall. 

The work of concreting the foundation of lock No. 1, was com- 
menced in the winter of 1865, but owing to the sudden high rise 
of the water of the Hudson river, the coffer dams failed and the 
work had to be abandoned. It was completed during the past 
winter, but at a much larger expense than was originally antici- 
pated, owing to the difficulty of bailing and draining the lock. 
The foundation of locks Nos. 4, 7, 14, 17, 20, 22, 23 and 26, have 
been thoroughly concreted, and are now all in good order. There 
are still a few of the locks built prior to 1842, which require that 
the foundations should be concreted. This work ought to be done 
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during the coming winter. A portion of the old wall bench west 
of Castle Creek has been removed and the slope wall raised, and 
between Mohawk and Frankfort a portion of the bench wall has 
been removed. 

The upper end of Rock Rift feeder has been partially enlarged 
so as to give a greater capacity and increase the flow of water. 

The wall bench and slope of the berrae bank between the Big 
Basin and the Clay street bridge, Utica, has been excavated with 
a dredge for the purpose of giving greater width to the canal at 
that point. Where so many boats are allowed to unload their 
cargoes for the New York Central railroad, on the tow-path side 
of the canal, a vertical wall should be put in on the berme side 
between the above points. 

The timber docking on ^e berme side of the canal at Rome, 
directly west of the freight depot of the Rome, Watertown and 
Ogdensbnrgh railroad, Avas last spring extended 400 feet, to 
accommodate the increasing business, of the canal brought in from 
that road. 

CHAMPLAIN CANAL. 

OiiDiNARY Repairs. 

The work of rebuilding two piers of the tow-path bridge across 
the Mohawk river at Cohoes, was completed during the fall of 
1865, and the ice breaker of another pier repaired. The masonry 
of the piers of this bridge was originally built upon cribs sunk 
below the surface of low water, and the upper end protected by 
timber cribs filled with stone, and nearly every spring the piers 
and ice breakers were seriously injured by the ice in high water* 
The piers, as rebuilt, are constructed of solid masonry, started 
upon the rock in the bed of the river, with the upper end finished 
for an ice breaker, by forming an angular point on a slope of six 
inches to the foot for the whole height of pier, all the stone in the 
upper end being fastened together with dowel bolts. The twa 
other piers should be rebuilt in a similar manner. 

The trunk to the Moses Kill aqueduct has been strengthened 
on the berme side, by putting in extended needle beams sup- 
ported by a vertical truss, and the side of trunk braced from the 
beams. . The pier above bottom of trunk has been taken down 
and relaid, and the stone bolted together. 

On the morning of the 11th of May a break occurred at the 
head of lock No. 5 on the Glens Falls feeder. It was caused by 
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the head of the sluice around the lock not having been sufficiently 
repaired, as the Commissioner in charge had personally directed 
it should be done before the water was let into the feeder. The 
bulkhead of the sluice was entirely washed out when the break 
occurred, so that a new location had to be selected and another 
bulkhead constructed. The repairing of this break and the con- 
struction of the bulkhead delayed navigation about five days. 

On the 19th day of May a break, which delayed navigation 
three days, occurred in the berme bank of the canal, in the village 
of Fort Edward, about one third of a mile south of the lock. It 
was promptly repaired by the repair contractors. This break was 
caused by the water in the canal overflowing the bank. It occur- 
red within one hundred feet of a waste weir, and there can be no 
doubt that if this structure had been in good condition, the gates 
promptly opened, and proper care and duo diligence exercised by 
the persons in charge of the work, the trouble would not have 
happened; as from all the information I can obtain there was not 
a shadow of an excuse for neglect. 

On the 30th of May a portion of the sluice around lock No. 12, 
near Kenyon's mill on the Glens Falls feeder, gave away, and 
navigation on the feeder was delayed for eighteen hours. The 
water was passed through the lock while repairing the sluice, so 
that no delay to navigation on the canal occurred. 

On the 26th of June a serious sink hole occurred in the bottom 
of the Glens Falls feeder, about a mile and a half above Sandy 
Hill; the water had to be drawn off, and navigation on the feeder 
was delayed one day, but no particular delay occurred on the canal. 

On the 7th of July the lower gates of Moses Kill lock were 
carried out by a boat, which delayed navigation three days, as 
there were no gates on hand, and new ones had to be built. 

On the 9th of July the new bulkhead built to the sluice around 
lock No. 5 on the Glens Falls feeder, at the time of the break on 
the 11th of May, became undermined so that the whole had set- 
tled down about four feet The water had to be drawn off from 
the feeder until a temporary dam could be built around the bulk- 
head. The water was then passed through the lock to supply the 
canal. Navigation on the canal was delayed one day, and on the 
feeder three days. This trouble arose in consequence of the sandy 
character of the materiiils of which the bank was composed, and the 
use of shorter sheet piling in front of the work than had been 

[Assem. No. 27.] 3 
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directed by the engineer. The break was proaiptly repaired by 
the repair contractor. 

iMPROYEMCNr OF ChAMPLAIN CaNAL. 

Act chapter 186, Laws of 1864, authorized the **improvenrient of 
the navigation of the Chaniplaiu canal atid Glens Falls feeder in 
such manner as^ to give in the entire length of each a depth of 
five feet of water, and a uniform width of thirty-five feet on the 
bottom^ t^ near ad- it can be judiciously done in the opinion of the 
Canal Boards and to complete the work of stopping the leaks on 
the Glens Falls feeder. 

A survey and estimate of the cost of this work were made in 
the fall of 1864. The aggregate of the estimated cost was 
$535,000« The law abore referred to appropriated the sum of 
$295y000. Act chapter 156 Laws of 1866 made a further appro- 
priation of $247y500 for the completion of the work. 

In the month of December,. 1864, the Canal Connm'ssioners 
placed under contract certain portions of the improvement which 
were considered of the most importance. This work was em- 
braced in seven contracts, all of which have been completed at an 
aggiegaite cost of $53,144.21. 

In the month of November^ 1865, a further amount of work 
was placed under contract, amounting at contract prices to the 
sum of $1SO,000* This, was all commenced during the past win- 
ter, but owing to the scai'city of laborers less work was done than 
was contemplated, yet enough waa completed to show what effect 
the improvement was to have on the navigation of the canal. 

During the winter and spring of 1865 and 1866, a considerable 
amount of work which had not been put mider contract, was done 
by the superintendents of repairs and repair contractors. 

The improvement of. the canal and feeder is now all under con- 
tract, with the exception of raising a part of towing path on Wood 
creek. This last work is not absolutely necessary to obtain the 
required dimensions, but is important for putting the towing path 
in good condition, and making this part ot the canal navigable in 
times of freshet, when the water is from two to four feet higher 
than the ordinary level. The contracts require all the work to be 
completed by the 1st of May, 1867. It is doubtful whether this 
can be done, but it is confidently believed that by the stipulated 
time the prism of the canal can be made of the required dimen- 
sions, so as to have the full benefit of the width and depth, leaving 
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the bridges which are to be rebuilt, and the putting in of the 
docking on top of the towing path, to be completed during the 
summer. 

The Canal Board have directed the rebuilding of the Moses 
Kill lock of the enlarged size required by the constitution, as 
amended in 1854, and have provided that the amount of the cost 
over and above that of rebuilding on the present plan, be paid from 
the fund for the improvement of the Champlain canal, under acts 
chap. 186 Laws of 1864, and chap. 156 Laws of 1866. The esti- 
mated difference in cost is $21,300, which amount is appropriated 
from the above tund, the lock being put under contract at prices 
which in the aggregate equal $48,790, the amount of the estimate. 
This $21,300 for the lock, added to the amount for other work 
under contract, uses up the entire appropriation. Math the excep- 
tion of $15,601,52 which will be required for engineering and 
miscellaneous expenses. 

The account of the work and the fund appropriated for it will 
then stand .as follows: 

Expended by superintendent in 1864 $8,268 27 

do for engineering in 1864 and 1865 3,758 32 

Work done by superintendents in 1865 22,959 61 

do by repair contractors in 1865 10.066 33 

do on contracts in 1865 46,909 74 

do do 1866 94,965 87 

do by superintendents in 1866 39,617 39 

do by repair contractors in 1866 25.389 82 

Expended for engineering in 1866 10,030 12 

Miscellaneous expenses up to Sept. 30, 1866 ^ .. 289 40 

Total amount expended to Sept. 30th 1866 $262,254 87 

Amount of work remaining to be done on canal and 

feeder now under contract 243,343 61 

Appropriation for Moses Kill lock 21,300 00 

Total estimated cost of work done & under contract $526,898 48 
Appropriation by act chap. 186, Laws 

of 1864 $295,000 00 

Appropriation by act chap. 156, Laws 

of 1866 247,500 00 

$542,500 00 



Balance left for engineering and miscellaneous . - $15,601 62 
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By act chap.* 203, Laws of 1866, the location of the road bridg^e 
Tit Whitehall was changed, and a new bridge constructed at a cost 
of $7,322.03, which was paid from the improvement .fund as 
required by the act. This bridge was not included in the original 
estimates for the improvement, but as the appropriations by the 
two acts of the Legislature exceed the original estimated expense, 
the cost of the bridge is added to the amount in the preceeding 
statement. 

BLACK EIVER CANAL. 
Ordinary Repairs. 

The repair contract for section No. 1 of (his canal expired on 
the 1st day of January, and that for section No. 2 on the 1st day 
of March, 1866. These contracts were re-let on the 28th day of 
March, to take effect on the 1st day of April. 

Section No. 1 extends from the Erie canal at Rome to a point 
1,000 feet north of lock No. 70, and has on it 59 single and 11 
combined locks, with 264 gates in all. This part of the canal had 
been in use 16 years previous to the letting of the present repair 
contract. 

Since 1860 there had been 66 new lock gates put in, and there 
remained 198 old ones which had never been renewed. As a mat- 
ter of course these gates were in a very bad condition, and in the 
month of February the Commissioner directed the superintendent 
to procure a large amount of timber, there being on hand at that 
time only enough for about 30 gates. This was accordingly done, 
and a large force of men set to work removing old and framing 
and putting in new gates, so that on the 1st of April, when the 
new contractors took possession of the work, there had been 86 
gates taken out and 34 inserted, and enough of timber delivered 
and contracted? to be delivered for about 70 more. The contractor 
was required to take all the timber and other materials on hand, 
and all that were contracted to be delivered, and allow cost prices 
therefor; also to continue the same force which was engaged on 
the work the day of his taking possession, to pay the expenses of 
the same from that date, and to cause at least 75 new gates to be 
finished before the opening of navigation. These requirements 
were faithfully performed by the contractor, and on the 1st day 
of May, the time of opening, there had been inserted 86 gates, 
including those put in by the superintendent. 

The sluices around the locks, and the docking at the head were 
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in a very dilapidated condition, as were also very many of the 
bridges. The superintendent had procured the timber for several 
bridges, and commenced framing the same. 

Since the opening of navigation the contractor has put in five 
lock gates, built and repaired a large number of bridges, and 
made extensive repairs on the sluices around the locks. 

Section No. 2 includes the canal from 1,000 feet north of lock 
No. 70 to its entrance into the Black river below Lyons Falls, 
together with the Black Eiver feeder. When the new repair con- 
tract took effect, the feeder had been in use for 17 years, and the 
canal north of Boonville from 12 to 14 years. The former at 
several points required to be extensively bottomed out, and the 
lower orates of the guard lock to be renewed. 

The canal and locks were in fair order, although it was neces- 
sary to replace some of the gates and to repair a part of the sluices 
and the docking at the head of the locks. A number of the bridges 
had been rebuilt, and were generally in a very good condition. 

A small part of the necessary work has been done, but as the 
contracts for sections 1 and 2 are essentially in the hands of the 
same parties, more particular attention has been given to section 
No. 1. 

Section No. 3 includes the Black Eiver improvement from 
Lyons Falls to Carthage, a distance of 42J miles. On this part 
of the river there are five bridges, two dams and one lock. There 
are also two houses for bridge tenders and one for lock tenders. 
Four of the bridges have draws in them, which have to be ope- 
rated by the contractor. Two of the bridges, viz: Beach's and 
Illingworth's, with the exception of the draws, belong to the 
towns in which they are located. By act, chapter 602, Laws of 
1866, the Canal Commissioner in charge is required to repair and 
maintain the last two bridges, the expenses being paid from the 
ordinary repair fund, provided the Canal Board deem it for the 
interest of the State to maintain them. 

The general repairs of this river, aside from the mechanical 
structures, consist in keeping a channel dredged out, to the depth 
of five feet at low water, for the entire distance. During the past 
summer the water in the river has not been at its lowest stage, and 
but little trouble has been experienced in keeping up good navi- 
gation. 
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Improvebient op Black Riyeb. 

The construction of the lock and dam about three miles above 
Beach's bridge, was put under contract in 1865 and has progressed 
slowly during the year. The materials are generally all delivered, 
but owing to the high stage of water during the greater part of 
the season the completion of the work cannot reasonably be ex- 
pected. The foundation of the lock is in, the side walls are car- 
ried up about eight feet, and the vertical walls at the head and 
foot are partially constructed. The lock, together with the canal 
above and below, will be completed during the winter, and the 
dam put in early next spring, so as to secure to navigation the 
full benefit of the structure during the latter piu-t of the season. 

Extraordinary Repairs. 

Under this head no work has been done on this canal. The 
pier at Otter creek lock, authorized by the Canal Board in 1863, 
has not been built, though some of the materials have been de- 
livered. This work should be completed this winter, in order to 
prevent the high freshet of Otter creek from washing across the 
foot of the lock and forming the bar which generally deposits 
there in the spring. 

Improvempjnt op Albany Basin. 

By act chapter 503, Laws of 1866, the Contracting Board, under 
the direction of the Canal Board, were authorized **to improve 
the Albany basin, as proposed and laid down in a map accompany- 
ing the report of the State Engineer and Surveyor, to the Legis- 
lature, for the year 1865, entitled *Map of Albany Basin,' or upon 
such modifications and change of said plan, so far as it relates to 
the contraction of said basin, as the Canal Board may determine." 

The Canal Board adopted the plan of enlarging the openings at 
the north and south ends of the basin, as follows: At the south 
end by cutting off the lower end of the pier to a point, about 
fifteen feet north of Hamilton street bridge, and removing said 
bridge and the pier on which it rests, and dredging to a depth of 
ten feet below ordinary low tide the whole channel, from the lower 
end of the pier to the upper side of the bridge. At the north end, 
by cutting off the upper end of the pier about 175 feet on the 
basin side and 110 feet on the river, by cutting off the point of 
land on the shore side above, in a triangular form, sixty feet on the 
basin line, filling up the basin on the shore side for about 210 feet, 
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SO as to make it conform to the line cut off from the point above, 
and pix)tectitog both shore and upper end of pier by a heavy dock* 
ing placed upon cribs and piles> the parts ctit off being dredged 
to a depth of the mitre sill of lock No^ 1> or eight feiet below 
ordinary low tide^ This wtu'k was put under contract on the 22d 
of May, to be completed by the 1st of September* Owing to the 
various constructions of the act which authomied this work, as to 
whether the city or State was to pay the damages which would 
accrue, the work wns dela5^ed, and at one time ordered suspended 
by the Canal Board. The work cantiot be completed before the 
last of November and perhaps not at that time, as high water in 
the river is now, October 1st, very much retarding the progress 
of the work. The amount of work done Up to this date is #19,- 
960. No action has been taken by the Canal Board with reference 
to the other improvement specified in the act* 

The following special laws, relative to the c«mals on this division, 
were passed by the Legislature during its last session: 

Act chapter 493, Laws of 1866, authorized the Canal Board 
**to construct, or cause to be constructed and maintained at the 
expense of the State, a suitable highway bridge over the naviga* 
ble waters of Black Eiver improvement, now used as a State 
canal, between the towns of Denmark and Croghan, at Parker^s 
Ferry, in the county of Lewis, at a point to be designated by said 
board (if in the opinion of said Board the State ought to build 
said bridge), to be paid from any money appropriated for ordi- 
nary or extraordinary repairs of the canals, the cost not to exceed 
$7,000." 

On the 12th of June an estimate of the cost of constructing a 
suitable bridge at this point, amounting to $18,400, was made and 
presented to the Canal Board, on which they passed the following 
resolution: 

Resolved^ **That the Canal Board having ascertained by the 
report of the Division Engineer of the eastern division that the 
sum of $7,000 appropriated to build a road bridge across 
the Black river, between the towns of Denmark and Croghan, 
in the county of Lewis, by act chap. 493, Laws of 1866, passed 
April 10th, 1866, is insufficient for that purpose by the amount 
of at least $11,400, deem it not necessary to inquire into the 
obligation of the State to build said bridge, and they, therefore, 
for the reason above stated, decline to authorize the building of 
the same." 
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Act chapter 618, Laws of 1866, authorized "the Canal Commis- 
sioner in charge of the eastern division to cause to be constructed 
and maintained a substantial public road bridge over the Erie 
canal, in the east part of the village of Ilion, to be paid for from 
the fund appropriated for extraordinary repairs on the eastern 
division." Nothinsr has been done to this bridije for the reason 
that all the appropriations for extraordinary repairs were made 
for a specific object under act chapter 219, Laws of 1866, and 
there was no money with which to build this bridge. 

Act chapter 668, Laws of 1866, authorized *'the Canal Com- 
missioners to construct and maintain, at the expense of the State, 
a suitable highway bridge over the Champlain canal at Saratoga 
street, in the village of Schuylerville." No action has as yet 
been taken by the commissioners relative to this bridge. 

Act chapter 807, Laws of 1866, authorized the construction of 
an iron bridge over the Erie canal at Columbia street, Cohoes, in the 
place of the old wood bridge which had fallen down. The bridge, 
however, was rebuilt of wood, as there was none of the extra- 
ordinary repair fund on hand, and the appropriations for ordinary 
repairs prohibited any of the money to be used for a change of 
plan. 

Act chapter 875, Laws of 1866, authorized the Canal Commis- 
sioners to open the covered stone drain along the berme bank of 
the Erie canal, from north side of Earl street in the village of 
West Troy to the next culvert south of said street, or to construct 
a new drain along the west side of the McAdam turnpike, from 
Earl street to the said culvert, if in the opinion of said Commis- 
sioners, the construction of the new drain would be for the best 
interests of the State, the work not to cost or exceed $500. *'No 
work has been d(me on the same, as the law does not make an 
appropriation of the money from any particular fund," and also 
specifies " the drain along the berme bank of the canal," when in 
reality the only drain at this point is on the tow-path side. 

Section 2 of act chapter 791, Laws of 1866, appropriating 
money for the maintenance of the canals, provides that **no part 
of the money appropriated by this act shall be paid for repairs 
done on what is called a change of plan, unless the same be 
authorized by the Canal Board, by an afiirmative vote of at least 
five members." 

Act chapter 657, Laws of 1866, authorizes and requires **the 
Canal Commissioners to remove or cause to be removed from the 
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land taken by the State for canal purposes, except those parts 
thereof which lie in thickly built parts of cities, all encroach- 
ments thereon, whether in the shape of buildings, fences or other 
structures, except dry docks, authorized by the Canal Commis- 
sioners, or manufactories, mills or warehouses doing business 
upon the canal, that said lands may be kept in the possession of 
the State for the purposes of canal navigation." 

By act, chap. 352, Laws of 1866, **the location of a farm bridge 
over the enlarged Erie canal, on the farm of Nathaniel Hulser, in 
the town of Frankfort, county of Herkimer, w^hich had been main- 
tained by the State since the said enlargement, is hereby declared 
valid and of full effect, the same as if the said location had been 
approved by the Canal Board, and entered upon the enlargement 
maps of said canal; and the State Engineer and Surveyor is hereby 
directed to enter the said designation and location of the aforesaid 
bridge upon the enlargement maps." 

Act chap. 354, Laws of 1862, imposes a penalty of $15.00 on 
every person who shall lead, ride or drive, any horse or horses, 
mule or mules, or shall drive any cattle across any bridge or 
bridges belonging to or under the control of the State, faster than 
upon a walk, and restricts the number of cattle allowed on any 
bridge, at one time, to twenty-five. This law now remains as a 
dead letter, arid the bridges over the canals are very seriously 
injured in consequence of its violation. It is recommended that 
the superintendents and repair contractors be especially required 
to see to it, that this law is rigidly enforced. 



GENERAL IMPROVEMENTS REQUIRED. 

Erie Canal. 

The canal between the two side cuts at West Troy, a distance 
of about one mile, should be improved by removing the old wall 
benches and slope wall, and constructing a vertical wall or dock- 
ing on both sides where it has not already been done. The shape 
of the canal renders it very difScult for boats to pass down and 
enter the Hudson river at the lower side cut, the sides of the 
banks being in such shape that boats cannot approach within 14 
feet of either bank. At many points, lumber yards and manufac- 
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tories are located, where large amounts of freight have to be 
unloaded on both sides of the canal, and it is frequently difficult 
for boats to pass while others are unloading. When there is any 
thing out of repair, as is often the case in the locks on the upper 
side cut which has only a single tier of locks, all boats have to 
run to the lower side cut in order to get into the Hudson river. 
Very much delay is occasioned at such times by the narrowness 
of the canal; and when boats get down neat the side cut they 
cannot be moved, there being no dock to tie up to, while they 
are waiting for other boats to pass the locks* This trouble 
and delay is many times very serious for those navigating the 
canals, and can only be remedied by the plan of enlarging pro- 
posed above, 

I am of the opinion that another lock should be built at lock 
No. 2, to complete the line of double locks on this division, and 
that another tier of locks should be built on the upper side cut 
at West Troy. This would very materially facilitate the passage 
of boats at the terminus of the canal where all boats from all the 
canals bound for tide water have to come» except those from the 
Champlain canal, which pass into the Hudson river at the Water* 
ford side cut. Acts, chaps, 354 and 355, Laws of 1864, authorized 
the construction of these locks, but did not provide funds that 
were available for the same. 

There are very many portions of this canal which still retain 
the wall benches and slope wall on the original plan for the 
enlargement, adopted when this work was first commenced in 
1836 or 1837. 

These, on this division, altogether, amount to 69 miles, or about 
one-half the division, and are as follows: 

Miles. 

From lock No. 2 to West Troy side cut 4.30 

3tolockNo. 18 3.30 

** *• 18 to Schenectady 13.40 

** 23 to Fultonville 5,80 

«* Spraker's to Little Falls , 18.30 

Little Falls to Utica 21.40 

Newville to Wood creek, through Rome 2.50 



i( 



Total 69.00 
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The plan on which this canal was built was only 42 feet wide 
on the bottom, with slopes and offsets on each side, making a 
width of 70 feet at the surface of water, and a depth of seven 
feet. Experience demonstrated this plan was not such as was 
best calculated to facilitate^ navigation, and it was subsequently 
changed so as to give a width of 52 J feet on bottom, with sides 
faced with slope wall, laid on a slope of 1 J to 1. This was again 
changed for one 56 feet wide on bottom, with side slopes of 1 
to 1, and with the surface 70 feet wide as before. This last plan 
is now considered, practically, the best form to facilitate naviga- 
tion, and it is recommended that all the canal be improved and 
made to conform to it except through cities and important villages 
where vertical walls should be adopted, as far as may be neces- 
sary, to accommodate business. The importance of this improve- 
ment is rendered greater in consequence of its being generally 
located east of the entrance of the lateral canals, where a larger 
number of boats are passing than on any other part of the canal. 

A vertical wall is required on the berme side of the canal between 
Big Basin and Clay street, in the eastern part of the city of Utica, 
at the point heretofore referred to as having had the wall bench 
and slope of bank excavated by a dredge. In 1862, a vertical 
wall was built on the towing-path side for most of this distance, 
and since that time it has been used for a dock by the New York 
Central Railroad Company, on which to land or deliver wood and 
other supplies for their road, and boats are constantly lying there 
discharging their cargoes. Nothing was done at that time to 
improve the berme side of the canal, and it has been with the 
greatest difficulty that two loaded boats could pass outside of the 
boats lying at the dock, and frequent jams occur which delay navi- 
gation. To improve this point the dredging has been done, and 
this renders necessary the protection of the bank by a vertical 
wall. 

There has been no trouble through the want of a sufficient sup- 
ply of water on this canal during the year. The streams from 
which the supply is obtained, have not run down to the extreme 
low water mark. Very little water has been drawn from the three 
resei^voirs at the head waters of Black river, and they are all now 
nearly full, which almost warrants a supply for another year. In 
the month of June the drought was severe, and it was feared that 
the supply would be short, as the reservoirs were not full, and it 
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was necessary to draw from them for a short time, but since then 
all has been right and the water has been abundant. 

The question of the supply of water for this canal is one of 
very great importance, and I would respectfully refer you to my 
views as stated in my last annual report to the State Engineer and 
Surveyor. 

Champlain Canal. 

In carrying out the law of 1864, very many of the necessary 
improvements on this canal are being made, but there are several 
important matters which cannot be reached under this law. 

The locks from Waterford to Fort Edward have no sluices 
around them, in which to pass the water required to supply the 
different portions of the canal, and the feeding has all to be done 
through the locks. Provision should be made for constructing 
permanent sluices around each lock as early as practicable. 

On the Glens Falls feeder the sluices around the locks were 
originally constructed by an arch culvert extending from the bulk- 
head to near the foot of lock, and covered over with earth. This 
arch has, in every instance, failed, the foundation plank being laid 
lengthwise has been forced up, and the structure undermined by 
the action of the water carrying away the sandy material on which 
it rests. At a portion of the locks the arch has been abandoned 
and a new structure of wood built above it to conduct the water 
into the level below. There are three of the locks where the arch 
yet remains in use, but they are in bad condition, and wood struc- 
tures should be put in during the ensuing winter, as much trouble 
is constantly occurring. The masonry of the guard lock at head 
of feeder is in a bad condition, and requires either to be rebuilt or 
extensively repaired. 

There are on this canal three very important dams which will 
soon require rebuilding, as they are wooden structures and have 
stood since the canal was first built. One is across the Mohawk 
river at Cohoes, and is 1,590 feet long; the other two are across 
the Hudson river, one at Fort Miller bridge, 875 feet long, and 
the other at the head of Glens Falls feeder, 800 feet long. They 
are now in a dilapidated condition, and should be rebuilt of stone 
as soon as the means for so doing can be provided. The new dams 
will all have rock foundations, and can be located either above or 
below the old ones, so as to be constructed in the summer season 
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without interfering with navigation. I would recommend that an 
appropriation be made for these dams, and that they be constructed 
at an early day of such height as will apply to an enlarged canal. 
In my opinion, the time is not far distant when the wants of trade 
and commerce will require an enlargement of the prism of the 
canal, so as to make it conform to the size of the locks which have 
been rebuilt, and are of the same size as those on the Erie canal. 
The tolls received on this canal exceed those of any in the State 
except the Erie, and ar^ 20^ per cent, more for the fiscal year 
1866, than those of the Oswego canal. The tolls for 1866 are 
16| per cent, more than they were in 1865, and 39 per cent, more 
than the average for the last ten years. The amount received 
during the fiscal year 1865, is $154,523.60, and during 1866, 
$180,515.15. 

Black Rfveb Canal. 

There are several points on this canal where the' streams which 
are taken in are very troublesome, in consequence of the deposits 
brought in and the bars formed, so as to delay navigation until 
they can be removed. Some of these can at small expense, be 
turned off into other streams which pass under the canal. Others 
can be passed under the canal by constructing culverts, and others 
tjannot be disposed of in any way except as now by receiving them 
into the canal. 

There are several points along the Lansing Kill, where the 
channel of the stream is constantly changing and washing away 
the canal bank* To prevent this the bank requires to be protected 
by a rip rap wall. North of Boonville, there are several places 
where sink holes are formed by the water working down into 
crevices in the rock which lies underneath, and the water which 
should be turned south to supply the Erie canal is thus wasted. 
It will be necessary to repair these places at some future time by 
excavating the earth from above the rock, and filling up and 
covering the crevices with rubble masonry. 

I would recommend that the dam across Black river at Lyons 
Falls, by raised one foot in the centre, leaving about fifty feet width 
next to each abutment of the present height, in order that the 
water which passes at ordinary times may be conducted to either 
side for the benefit of the hydraulic power. The Canal Appraisers 
inform me that the heavy damages which will have to be paid if 



46 ANNUAL BEPOBT OF THB 

this is not done, will be entirely avoided if it is done. The esti- 
mated cost is $1,200. 

The Canal Board located the lock and dam now being constructed 
on Black River, about three miles above Beach's bridge. To 
improve all the bars in the river, it should have been located 
about five miles below, but this location would have created very- 
extensive claims for damages, in consequence of the destruction of 
a large part of the interval land along the river between these 
two points by the overflowing of the water. For this reason the 
present location was made. Some other plan will have to be 
devised for the improvement of this part of the river, before com- 
plete navigation can be made. I have no doubt that it can be 
accomplished by constructing jetty dams and piers and dredging 
the channel, or perhaps by simply dredging the channel. It would 
assist navigation very much if flash boards, one foot high, were 
placed on the Carthage dam during low water, as this would 
probably raise the water at least four inches at Beach's bridge, 
there being only 1^ feet fall between this place and Carthage when 
the river is at its lowest stage. 

The channel for discharging the flood waters of the Noith 
Branch reservoir is not of sufficient capacity at all times, and the 
security of the work is sometimes endangered by the waters rising 
too high in the reservoir. It is very important that another chan- 
nel be excavated of about 30 feet in width to aid in passing off 
the high water. Some improvements are also required to the fix- 
tures of the valves to make them operate more easily. It is also 
important that roads to all the reservoirs be kept open, in order 
that it may be possible to get to them with teams and wagons if 
repairs should become necessary. 

The man in charge of the reservoirs now lives five miles from 
North Branch, seven miles from South Branch, and eleven miles 
from Woodhull, for the reason that there is no house for him to 
live in at a nearer point. ^I would recommend that a good house 
of sufficient size for a small family be constructed at North Braneh 
reservoir, expressly for this man to live in. If this is done he 
will be only two miles from South Branch and six miles from 
Woodhull. 

No regular system has ever been adopted for reports relative to 
the condition of the water in these reservoirs until this season. 
The man in charge is now required to make weekly reports to the 
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Canal Commissioner and Division Engineer of the actual condition 
of each one. By this means the important facts relative to each 
reservoir are known every week, and in a few years a large fund 
of information will have been obtained, which will be of great 
service to the officers in charge of the canals. 

Respectfully submitted, 

DANIEL C. JENNE, 

Division Engineer. 
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MIDDLE DIVISION. 



Division Engineer's Office, ) 
Syracuse, September 30M, 1866. j 

Hon. J. Platt Goodsell, State Engineer and Surveyor : 

In pursuance of the fifth regulation issued by the State Engi- 
neer and Surveyor, under act chapter 169, Lawu of 1862, I 
have the honor to report for the fiscal year ending September 80, 
1866, the number and compensation of all persons employed in 
the Engineer Department, and the extent and condition of the work 
pertaining to the Middle Division of the New York State canals; 
together with such sugorestions and recommendations as I deem the 
best interests of the public service require. 

The Middle Division, as now constituted, embraces the follow- 
ing completed canals, navigable feeders and river improvements, 
together with the reservoirs and feeders used for the supply of 
water, also the extension of the Chenango canal, which is now in 
process of construction, to wit: 

Miles. 

Erie canal from east side of Oneida Lake canal to the east 

line of Wayne county -,. 68.58 

Oneida Lake canal 6.00 

Oswego canal 38.00 

Cayuga and Seneca canal 22.77 

Crooked Lake canal 8.00 

Chemung canal and feeder 39.00 

Chenango canal 97.00 

Oneida river improvement 20.00 

Seneca river towing-path 5.00 

BaldwiuRville canal 1.00 

Cayuga inlet 2.00 

Limestone feeder .80 

Butternut feeder 1.55 

Camillus feeder 1.00 

310.70 
[Assem. No. 27.] 5 ==; 
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Of which 155^^1^ miles are navigable for boats of the largest 
class and the remainder for smaller ones. 

Eeservoirs — Erieville, Cazenovia lake, De Ruyter, Skaueateles 
lake, Madison brook, Woodman's pond, Leiand's pond, Bradley 
brook, Eaton brook, Hatch's lake and Kingsley brook. 

Feeders — Oneida creek, Cowassalon, Chittenango, Carpenter 
brook, Jordan, Weedsport and Port Byron, and the feeders con- 
necting the several reservoirs with each other and with the canals. 

Extension of the Chenango canal from the village of Bingham- 
ton to the Pennsylvania State line, 39.65 miles. 

Engineer Department. 

This department remained the same as preceding year up to the 
retiracy of J. Piatt Goodsell, division engineer, on the 1st day oi 
January. During the month of January the entire division was 
in charge of W. H. H. Gere, resident engineer,and from February 
Ist, to the close of the fiscal year, it was in charge of W. H. H. 
Gere, as division, and Howard Soule, jr., as resident engineers, 
with the exception of the extension of the Chenango canal, which 
has been under charge of Byron M. Hanks, as resident engineer, 
from the 15th of June last, appointed under act, chapter 794, 
Laws of 1866. 

Table No. 1 exhibits the information required to be furnished 
in regard to the expenditures in this department upon all the 
canals. 

From this table, and tables Nos. 2 and 3^ I have prepared the 
following tabular statement, showing the whole amount of expen- 
ditures in the department, the amount of work done under supervi- 
sion of the engineers, and the percentage of the cost of engineering 
upon the several canals of this division: 

Canals. Engineering Amount of Percentage. 

expenditures. work done. 

Erie |4,156 47 $40,520 88 10.25 

Oswego 4,066 61 161,353 27 2.5 

Cayuga «fe Seneca 549 80 2,509 36 21.9 

CrookedLake 24108 

Chemung 3,183 12 96,706 12 3.3 

Chenango (proper) 2,396 11 50,853 09 4.7 

Chenango extension 12,860 95 218,120 00 5.9 

$27,454 14 $570,062 72 4.81 



J 
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It 18 proper to add in this connection that the engineer depart- 
ment, except upon the extension of the Chenango canal, has per- 
formed duties under the direction of the Canal Commissioner, viz: 
superintending ordinary repairs made by repair contractors which 
is included in and done under their respective contracts, and for 
which no other compensation is paid than the annual price in the 
contract. 

If work of that character were included in the tables, the per- 
centage of engineering would be greatly reduced from that ex- 
hibited in the foregoing statement. It will, however, compare 
favorably with any former year. 

Table No. 2 exhibits a detailed statement of the work under 
contract for the fiscal year ending Sept. 30, 1866. 

Table No. 3 is a detailed statement of the work not under con- 
tract, but authorized by Canal Board and under supervision of 
engineer depaitment. 

WORK UNDER CONTRACT. 

Erie Canal. 

The improvement of the Nine Mile Creek feeder, authorized by 
act, chapter 72, Laws of 1863, remains as reported last year. The 
appropriation having expired, nothing further can be done under 
the contract without legislative action. 

There remains due on this contract, for work already done, the 
sum of $194.26, and in order to complete the work as originally 
contemplated, will require a further sum of about $2,000. 

Temporary feeden^ at Tort Byron. — The need of an additional 
feeder to supply the Port Byron level with water has long been 
felt, and the reports from this • department in former years have 
urged the necessity of taking a portion of the Owasco creek for 
that purpose. During the last winter the fall of rain and snow 
was so slight that at the opening of navigation the water of Ske- 
neateles lake was 2| feet below the top of the breast wall, and 
as that lake is the only reservoir, or the principal dependance for 
feeding that portion of the canal between lock No. 50 and Port 
Byron lock, great anxiety was felt as to how navigation could be 
maintained during the season. 

In order to meet this question, the resident engineer was directed, 
early in April (after it was fairly settled that the lake could not 
fill), to make careful examinations and measurements, with a view 
of ascertaining whether or not the fears were well grounded. The 
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conclusion arrived at, proven by a careful computation of supply 
and demand, as contained in the report of the resident engineer, 
Howard Soule, jr., was *'that unless we have an amount of rain 
** greatly above the average of the last twenty years, or a trade 
** materially diminished from that of 1864 during the present sea- 
" son, we shall be entirely short of water, and a consequent sus- 
** pension of navigation, in a portion of the months of August and 
** September next." This fact was reported to the Canal Com- 
missioners, and they on the 22d day of May contracted for the 
construction of a temporary conduit to connect the old mill race 
with the canal. The old race had not been in use for some years, 
and quite a large expenditure had to be made thereon. The work 
was completed in August last, and since that time has been in con- 
stant use, with no lack of water for the canal. The entire expense 
thereof was $10,173.78. • 

Opening State ditch at Port Byron, required by act chap. 877, 
Laws of 1866, has been put under contract, and although nothing 
has as yet been done thereon, preparations are being made to 
commence at once. 

Iron bridge at Grape street, Syracuse, authorized by act chap. 
841, Laws of 1866, is under contract and in process of construc- 
tion. 

Improvement of Oneida creek feeder. Work under this con- 
tract was performed to the amount of $2,260 last spring; the 
balance cannot be done until after the close of navigation. This 
improvement will make the Oneida creek contribute largely to 
the supply of the long level, which it could not do in its former 
condition. 

Oswego Canal. 

Weigh lock at Oswego is completed, but the final account has 
not been made up. It is now being prepared by the assistant in 
charge of the work. The scale (one of Sampson & Tibbitt's) 
was inserted last spring, and works to the satisfaction of the 
officer in charge. 

Phoenix dam. This structure is very nearly completed, and 
when done, being constructed of stone, will be permanent and 
reliable, requiring for the future little or no repairs. The policy 
adopted of rebuilding the dams upon the Oswego river of stone, 
and in a shape to control all the water of the river, is the only 
safe course to pursue; and the plans prepared for the other dams 
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are similar to the one upon which this is being constructed, vary- 
ing only in detail to accommodate location. 

Oswego Falls dam. The work upon this structure has pro- 
gressed through the season, and is finished from the east end to. 
the center of the river, and the coffer dam is now being con- 
structed upon the west side. Should no unforeseen occurrence 
prevent, the whole work will be completed this fall. 

Braddock's Rapids dam. There has been nothing done under 
this contract except the delivery of a portion of the required 
material. 

It is expected that during another season this work will be 
pushed forward vigorously. 

Berme bank, Oswego river. Under this contract a berme bank 
is being constructed of earth in the pond formed by Horse-shoe 
dam, and is, when completed, to supersede the dam. 

It extends from the lock at Hinmanville to Horse-shoe dam 
lock, a distance of eighty-nine chains. The foundation for a dam 
being of a material upon which it is extremely hazardous to erect 
such a structure, the project of substituting for it an earth bank 
was adopted in 1865, and the work placed under contract; since 
which time progress has steadily been made in its construction, 
and from present indications the work must largely exceed the 
original estimate of its cost. 

This increase results principally from the peculiar circumstances 
under which it has to be built. 

The river bed in line of the bank is from eight to twenty-one 
feet in depth, and in depositing the earth into the water it spreads 
out much wider than was anticipated; besides, the current, which 
is strong, naturally carries with it a small portion of each boat 
load. That part of the bank in the deepest water is already 
built, and there can be no doubt that the remaining portion of 
the work will be finished with a far less percentage of loss of 
material, either by the spreading of the base of the bank, or in its 
washing away, the natural current being so much less in the shal- 
low water, with the increased width of the river, as progress is 
made towards the old dam. 

Another season will certainly be required to complete the work, 
but when done will entirely dispense with the Horse-shoe dam, 
the reconstruction of which would be the most diflScult upon the 
river, for all the other dams are already or may be rebuilt upon 
a rock foundation. 
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High dam. This work is the completion of the repairs to the 
old wood dam, which was so badly injured by the freshet of 
March, 1865, and which was fully explained in reports of last 
year. The work was completed last fall, and the contract set- 
tled. The portion of this dam built across the breach is without 
doubt perfectly safe, but the old work is considered precarious 
notwithstanding it was as thoroughly repaired last season as pos- 
sible without altogether reconstructing it. 

When this dam is rebuilt its location should be changed to 
some point further down stream, where a rock foundation can be 
secured; this will require its removal only a short distance. 

Bridge at Oswego, located near the weigh lock, and authorized 
to be built under act Chap. 611, Laws of 1866, has just been put 
under contract, but as yet nothing has been done upon it. 

Chemung Canal. 

.Work in Chemung river at Coming. This work is very nearly 
completed. There remains some dredging in the river yet to be 
done, and in order to confine the river at all times to its proper 
channel, it will be necessary to construct a light guard bank from 
the lower end of the docking to the old guard bank. I would 
recommend that that work be done, and have included it in the 
estimated cost of the work. 

In pursuance of act chap. 495, Laws of 1865, the Canal Board 
increased the prices contained in the contract for this work. Such 
increase on work done to the present time amounts to $36,100.00. 

The repairs or partial reconstruction of locks No's. 24, 25, 28 
and 32, was thoroughly performed during the suspension of navi- 
gation last winter, leaving No's. 1, 36 and 40 of the old locks yet 
to be repaired or rebuilt. These are now under contract, and 
work upon them will be commenced at the close of navigation this 
season. 

The locks upon this canal are all of the small class, and intended 
only for a canal of four feet depth of water, but since the adop- 
tion of a regulation by the Canal Board allowing boats to draw 
four feet of water, it has been necessary to maintain at least four 
and a half feet in the canal. 

This has necessitated the raising of banks in some places, and 
more yet remains that should be done to render the banks abso- 
lutely secure. There is no difficulty in retaining the requisite 4J 
feet, except upon the lake level, and here the greatest obstruction 
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is the mitre sill of lock No. 1. The work of the enlargement of 
the Cayuga and Seneca canal, so increased the channel of Seneca 
river as to permit a greater flow of water from the lake, and a 
consequent reduction of its surface, so that during the dry season 
of the year there is scarcely four feet of water upon the lower 
mitre sill of lock No. 1. Especially is this the case during a 
strong south wind, which blows the water down the lake. 

Considerable trouble from this cause has been experienced this 
season, and to obviate it, as well as for the better accommodation 
of the coal interest, in my judgment the foundation of that lock 
when it is rebuilt should be lowered. I would suggest that it be 
put down three feet lower, and that the bars in the prism between 
the lock and lake be removed, so as to secure seven feet of water. 

Tlie highway bridge over the Chemung canal feeder in the town 
of Corning, has been built under act chap. 168, Laws of 1865. 

Sclser swing bridge at Watkins, authorized by act chap. 519, 
Laws of 1866, has been put under contract, but nothing as yet 
done upon it. The present iron superstructure at that point is to 
be removed to Grape street, Syracuse. 



Chenango Canal. 

IHngsley Brook resei^oir. — This important work has progressed 
during the season with as much vigor as the assistance at hand 
would permit. The main bank forming the reservoir is nearly 
completed to the height fixed upon, and the dam at head of feeder as 
well as the feedei*, is now well advanced. This work has been largely 
increased over the amount originally estimated, in consequence of 
raising the main bank higher than was contemplated. At first it was 
proposed only to repair the break in the bank and restore the feeder 
to its former condition, but it was found that the breadth of the em- 
bankment would permit its being raised fourteen feet, thereby more 
than doubling the capacity of the reservoir, the expense of which 
would be small in comparison with the advantage to be derived. 
The reservoir will be in readiness to be filled to ite full capacity 
during the coming winter and spring, and with it completed I am 
confident that there will in future be no scarcity of water upon the 
Chenango canal, and if properly managed a corsiderable surplus 
may be thrown into the Erie canal at Utica, where it is greatly 
needed. Should it be thought advisable to render the reservoir 
system more perfect, I would suggest that the old feeder from the 
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south end of Summit level to Leland's pond, be cleaned out and 
brought into use. 

This feeder has not been in use for many years, and why it was 
abandoned I am unable to learn, but it seems as if it were a mis- 
taken policy to discontinue it, as with it any surplus might be 
turned into Leland's pond, to be used as circumstances require; 
whereas now the surplus is thrown into the creek and lost to the 
canal. No estimate has been made of the cost of this work, but 
my judgment is that it would be trifling, as it appears to have 
retained its form well for the time it has remained dry. 

Rebuilding locks. — ^There were six locks placed under contract 
last year, but so late in the season that new stone could not be 
secured, and to use the old stone exclusively was impossible; they 
were therefore permitted to remain another season. Materials are 
now being delivered upon the work preparatory to their early 
completion. 

The following locks upon this canal should be rebuilt as soon 
as practicable, viz: locks No. 52, 55, 61, 65, 78 and 79. 

In selecting locks which most require rebuilding, where there 
are so many as upon this canal, it is difficult to decide, but those 
are first taken whose walls have settled into the chamber sufficient 
to prevent the free passage of boats; then those that are the cause 
of wasting the greatest amount of water, or by the rebuilding of 
which the greatest amount can be saved. 

There are upon this canal 114 locks, four of which are of cut 
stone, and eight that have been rebuilt within a few years, leaving 
102 old composite locks which should be rebuilt upon the present 
improved plan within the next ten or twelve years, for the best 
can hardly be expected to stand longer. 

« 

Extension of Chenango Canal. 

There are now thirty miles of this work under contract. The 
estimated cost of so much of the line as is now under contract, 
made by L. L. Nichols, engineer, prior to the letting ot any por- 
tion of the work, is... $1,099,350 

Estimated cost of same work at contract prices $1,120,946 

Estimated cost at contract prices in excess of engi- 
neer's estimate $21,596 
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The following table exhibits the work not under contract, with 
the length of sections and. estimate of cost, as prepared by L. L. 
Nichols, Esq., engineer formerly in charge of the work: 

. Length in 

Character of work. chains. Amounts. 

Dam and guard lock section 74 $50,000 

Section 31, including culverts and bridges. . . 80 15,250 

32, do 80 20,200 

33, do 80 19,250 

34, do 80 18,000 

35, do 80 24,000 

36, do 80 21,750 

37, do 84 20,300 

38, do 80 13,650 

39, do 62 10,250 

LockNo. 6, efeetlift 12,405 

7, 6 do - 12,805 

8, 8 do 14,030 

9, 7 do 13,295 

10, 12 do -- 18,725 

11, 7 do 12,995 

Archibald's creek aqueduct, 2 spaces 10,662 

Wappasena creek aqueduct, 4 spaces 13,391 

Little Wappasena creek aqueduct, 2 spaces 10,662 

Parks' creek aqueduct, 1 space 9,136 

Five waste weirs 10,000 

Bridges on sections 11 to 30 inclusive 74,100 

$424,856 

This estimate is based upon the line as located upon the south 
side of the Susquehanna river to where it intersects with the 
Pennsylvania State line. Should the line be located to cross the 
river upon the north side, at or near Barton, the work would be 
largely increased, inasmuch as an extensaive dam would have to be 
constructed, together with the fact that the country through which 
it would be required to pass does not furnish so favorable a loca- 
tion. 

It is desirable that the remaining portion of the line be placed 
under contract as early as possible, so as to insure the completion 
of the whole work as near the same time as practicable. 

In table No. 2 it will be observed that the estimated cost of the 
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work at contract prices is in several cases largely increased beyond 
the amount repoiled last year; but in my opinion the engineers 
estimate for the whole line, reported at the same time, amounting 
to $1,524,206, will very nearly if not quite cover the entire cost 
upon the present contmplated line; as the revised estimates make 
liberal allowances for undeveloped contingencies exclusive of 
engineering and land damage. 

For the causes of such increase in the estimated cost at contract 
prices, as well as the detailed condition of the work under con- 
tract, I respectfully refer you to the following report of Byron 
M. Hanks, the resident engineer in charge; 

Engineer's Office, Owego, Sept. 30, 1866. 
W. H. H. Gere, Esq., Division Engineei\' 

According to your directions I submit the following report, 
relative to so much of the extension of tlie Chenango canal as is 
now under contract. I entered upon the duties of resident 
engineer of said canal, on the 15th day of June, 1866, at which 
time the following sections and groups of mechaniciil structures 
became and were under contract, viz: 

Sections Nos. 1 to 10 inclusive, were let June 22, 1865. 

All bridges on sections 1 to 5 inclusive, June 22, 1865. 

All bridges on sections 6 to 10 inclusive, June 22, 1865. 

All culverts on sections 1 to 5 inclusive, June 22, 1865. 

All culverts on sections 6 to 10 inclusive, June 22, 1865. 

Locks Nos. 1, 2 and 3, June 22, 1865. 

Sections Nos. 11 to 20 inclusive, February 7, 1866. 

All culverts on sections Nos. 11 to 20 inclusive, Feb. 7, 1866. 

Locks Nos. 4 and 5, February 7, 1866, 

Choconut, Tracy and Apalachin creek Aqueducts, Feb. 7, 1866. 

Sections Nos. 21 to 30, June 15, 1866. 

All culverts on sections No's. 21 to 30 inclusive, June 15, 1866. 

Work remaining to be let is as follows: 
Section 31 to state line. 
All bridges from section No. 11 to State line. 
All culverts from seoticMj No. 31 to State line. 
One aqueduct four spaces across Big Wappasena creek on sec. 32. 
One aqueduct two spaces across Little Wappasena creek on sec. 33. 
One aqueduct one space across Park's oreek on sec. 39. 
One aqueduct two spaces across Archibalds creek on sec. 24. 
Also one dam and guard look at Binghamtou. 
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Only one waste wier has as yet been let, and that is in connec- 
tion with section No. 2 and included in the same contract Pro- 
vision has been made for the construction of waste gates in each of 
the aqueducts now under contract. In addition however, I think 
some additional waste wiers should be constructed between sec- 
tions No. 2 and 11. 

Two railroad bridges are now required; one for the Bingham ton 
and Syracuse, and the other for the New York and Erie railroads* 
These structures I have regarded as included in the contract for 
all bridges from sections 1 to 5 inclusive, and have included their 
cost in estimate for that group. Another railroad bridge will like- 
wise be required for the Albany and Susquehanna railroad. The 
last named bridge I suppose the railroad company will build for 
themselves when needed. 

The work on sections Nos. 1, 5, 6, 7, 8, 9, and 13, was well 
advanced when I took charge, and several other sections had just 
commenced. Work is now in progress under all the contracts 
except the following: 

Sections Nos. 15, 19, 20, 21, 24, 25, 28 and 29, culverts from 
sections 21 to 30, and the contractors for sections 24, 28 and 29 and 
the last group of culverts, have been notilBed to begin their work. 

The cost of constructing the work will exceed the estimated 
cost, at contract prices, as reported last year, for various reasons, 
many of which could not certainly have been foreseen previous to 
opening the work, as for instance, the classification of material, 
the proper method of finishing the prism where quick saud and 
other unstable material occurs, also in the method of protectins^ 
the banks of sections built in the river, where the original esti- 
mate was based, on the supposition that a simple slope wall of 
heavy stone would be adopted — rip-raps and loose stone protec- 
tion, and in one instance rubble masonry in cement have been 
substituted. 

The reason for not using slope wall, as so originally intended, 
was because stone in sufficient quantities could not be had without 
great trouble and expense. While there was abundance of mate- 
rial for loose stone protection and rip-rap, and while the price of 
the latter has generally been about the same as that of slope and 
protection wall, and sometimes considerable less, yet this quantity 
generally exceeds considerably the amount that was estimated of 
slope and protection wall for the same locality. On section No. 5 
vertical wall in cement was deemed necef sary to save a valuable 
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mill site, and was constructed along the race, which otherwise 
would have been filled up. 

The item of excavation on nearly all the sections will be increased 
over the original estimate, as more or less outside ditches and extra 
excavations always occur that were not foreseen in getting up the 
approximate quantities. The construction of roads also increase 
the cost of several sections, where it seems no estimate had been 
made by former engineer in charge, but where the roads are to 
any great extent changed, generally the object gained is the saving 
of road and farm bridges. Rock excavations have occurred on 
several sections where none was anticipated, and where it was 
known to exist it has generally been found in larger quantities 
than the former engineer expected. These facts only develope 
themselves in the progress of the work. 

Sections Nos. 2, 5, 6, 9, 11 and 17 are examples thus far of in- 
creased cost on account of the occurrence of rock in unexpected 
quantities. Section No. 26 exceeds the engineer's estimate some- 
what largely, as do ©everal other sections and groups. Originally 
the principal item of work was embankment, occasioned by locating 
the canal far out in the river, at a point, too, known as the nar- 
rows, where in times of freshets there is a great depth of water 
and a violent current. 

My estimate of the cost of constructing this section is based on 
the supposition that the line should be thrown more into the bluflF, 
which increases the excavation and diminishes the embankment. 

This change I consider necessary, firstly, for the safety of the 
work ; next, the land owners on the opposite side of the river, 
where the bank is low, would be greatly damaged by any narrow- 
ing of the channel, which would cause an increased height of water 
in flood times : and again, if the embankment should be built, a 
large area of land must necessarily be taken above and below the 
narrows for borrowing pits, which the State would have to pay 
for, thereby virtually increasing the cost of the section by way of 
land damages, when the material on the hill side and blufi>3 would 
answer every purpose for building the great bulk of bank exactly 
as w^ell. I have made allowance for the contingency of any land- 
slide that may be likely to occur from the steep hill; side after 
making excavation along the base of the blufi*. I think the esti- 
mate is large. In making the location of the line of this section, I 
have followed the example of the most experienced engineers in 
the location of canals at points of like character in the State of 
Pennsylvania, which have stood the test of time and shock of floods. 
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Section No. 5 owes its principal cause of increase to the vertical 
wall in cement, to save the mill race before spoken of, and the 
unexpectedly large amount of rock excavation, and in the increased 
amount of protection wall. 

On section No. 8 the earth excavation is far in excess of the 
approximate estimate of the engineer, and then it became neces- 
sary to support the sides of the prism through a deep sand cut 
with sheet docking. 

Supposing section No. 6 would be of a similar character, I have 
anticipated a similar outlay, and the same on section No. 18. 

Sectfon No. 23 is increased heavily by a change of the location 
of the highway nearly the whole length of the section, by which 
means three or four bridges are dispensed with. A large amount 
of loose stone protection was found necessary, which was not 
provided for in the engineer's approximate estimate ; also a quan- 
tity of sheet piling docking through the business portion of Owego. 
The same may be said of section 24. All the other sections arc 
increased a little in earth excavation, lining, puddling, and timber 
for temporary bridges. 

The first group of bridges are nearly doubled, for the reason 
that I have included the supposed cost of two railroad bridges, 
not included in the approximate estimate. 

All the mechaniqal structures are somewhat increased for vari- 
ous reasons, such as turning or changing in some respects creek 
channels, and to meet other contingencies expected to arise. 

The culverts in particular are largely increased, owing to the 
fact that most, if not all of them, as estimated by the former engi- 
neer, were of insufficient dimensions for the streams of this hilly 
country, which are liable to sudden changes from destructive 
mountain streams to dry channels. The number of these struc- 
tures has also been increased to accommodate water courses, appa- 
rently heretofore overlooked and not provided for. The aggre- 
gate cost, as estimated by me, falls short of the approximate esti- 
mate made previous to the letting. 

The progress of the construction of the extension has not been 
what we could desire, owing mainly to the scarcity and consequent 
dearness of labor, still there has been a commendable disposition on 
the part of the contractors to meet and overcome every obstacle. 

Lumber, though not so abundant as formerly, is yet to be had 
on this line at reasonable rates, while good stone is a great desid- 
eratum, in fact it is impossible to procure such stone as the speci- 
fications call for in the locks and aqueducts without going to an 
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expense never contemplated by the State officers having this work 
in charge or the contractors in procuring the same. 

So thoroughly am I satisfied of the impossibility of procuring 
suitable stone for the more important structures, such as locks, 
aqueducts and large arch culverts, that I do not hesitate in the 
case of the locks to recommend that timber be substituted instead 
of stone. 

The argument in favor of wooden locks is too familiar to need 
recapitulation. 

(Signed) BYEON M. HANKS, 

Resident Engfifieei\ 

Ordinary Repairs performed by the Repair Contractors. 

Under this head it is impossible to note all the work done in 
detail over which the engineer department has, in some manner, 
performed supervising service, the more important work always 
requires the constant attention of this department. 

During the suspension of navigation last winter, the prism of all 
the canals of this division were put in condition by removing accu- 
mulated sediment and bars and repairing slope walls and docking. 

The gates to the locks were repaired, and where required, new 
ones substituted, and during the summer the towing path has for 
much of its length been thoroughly graveled. 

New bridge superstructures have been constructed to replace 
those that have failed or were considered absolutely dangerous, 
and generally upon the same plan as the old superstructures. 

The matter of bridges has become one of serious importance; 

the plan of wood superstructure, adopted and built since 1850, is 

not what safety to the public demands. Bridges have fallen this 

season, with people and teams upon them, that to all appearances 

were as reliable as when first built; fortunately, however, no lives 

have been lost in consequence. There are many superstructures 

upon the enlarged canals that will require rebuilding during the 

next year; and, in my judgment, all highway bridges should be 

of iron. 

Cayuga Marshes. 

The principal extraordinary repairs, that will be necessary 
during the coming season, is the raising, strengthening and further 
protection of the high embankments across the Cayuga marshes. 

These banks were built upon the surface of the marshes, and 
are continually settling. They have been raised since the work 
was completed and now require it again. The berme bank, in 
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particular, should be widened, as well as raised, as it is too light 
to sustain with safety the required head of water. I think that 
the sum of |30,000 should be expended upon this work; for a 
break at this point would be a disaster, the damage of which 
could hardly be estimated. 

Vertical Walls, — Further conveniences for loading and unload- 
ing boats upon the Syracuse level, by way of vertical wall or 
docking, should be provided. The business done at this point 
has so extended, that the works of that character, provided at the 
time of the enlargement, accommodate only a small portion of 
manufacturing interests of this locality. 

Swing bridge, at Oak Orchard, on the Oneida River improve- 
ment, authorized by act chapter 896, Laws of 1866, is now in 
process of construction, and will be completed by the first of 
December next. 

The dam at Oak Orchard requires repairs. The manner of 
its original construction, I think, was faulty in several respects, 
as, during high water nearly every spring, a portion of the top 
timbers are carried away, endangering the entire destruction of 
the structure. 

I recommend that an improvement be made by reducing the 
top timbers and covering the upper surface with shear plank of 
hard wood, and the whole thoroughly spiked or bolted to the 
timber; the spars in the dam should be bolted to the timber 
below — the treenails originally used being inadequate to retain 
them in their places. When done, and whole of the upper side 
of the dam properly graveled, the structure must be secure for 
many years. 

The old guard-lock at Baldwinsville, a timber structure, had 
become entirely worthless by decay, a new guard gate of stone 
has been constructed in its stead, the approaches thereto 
thoroughly bottomed out, and the banks properly protected at 
an expense of $10,985.70. The appropriation being but $10,000, 
only that sum has been paid therefor. 

Lock No. 6, at Seneca Falls, on the Cayuga and Seneca canal, 
has caused a great deal of trouble by the pressing cr settling of 
side walls into the chamber of the lock. This is what is known 
as a composite lock, the chamber walls being of stone, laid dry, 
and the front faced with timber and plank. 

Since 1861 this lock has been bailed out four times at great 
expense each time, and in 1862 the timber work was removed and 
new timber substituted, with concrete placed between wall an 
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face lining. Last spring the concrete was partly removed, tim- 
bers hewn down, and but one course of lining put on instead of 
two. In that condition it has been used the past season, but not 
without diflGiculty and delay. It is urgently recommended that 
the dry masonry be taken up next winter and relaid in cement, 
on the plan now adopted for rebuilding locks upon the Chenango 
canal. The cost of the work will be about $6,300. 

All the locks upon the Crooked Lake canal are of the same 
character as those upon the Cayuga and Seneca canal. The foun- 
dations to seven or eight of these locks seem to be defective ; the 
jaws and lower wings are constantly pressing together, re(}uiring 
the face of walls to be dressed off so as to allow the passage of 
boats. 

This has been done to such an extent that the locks are liable 
to fail at any time. Such walls should be taken up. New stone 
procured if necessary and relaid in cement. The hills upon the 
berme side of this canal are in many cases inclined to slide into 
the canal. Piles have been driven at the foot of the slope at some 
of these points, which answer a good purpose. The remaining 
places should be protected in the same manner. 

Freshet Damage. 

The repairs of the damages caused by the flood of March, 1865, 
were completed during the forepart of the present fiscal year, and 
the accounts have all been settled. The cost of the work and the 
amount paid thereon during the year will be found in table No. 3. 

Extraordinary Eepairs. 

The work done under this head, and cost thereof, is shown in 
table No. 3. A recapitulation of each piece of work, its character, 
etc., is not deemed of importance, as it was in each case authorized 
by the Canal Board, based upon an estimate of the cost made by 
the Division Engineer and approved by the board of Canal Com- 
missioners, the wisdom of the expenditure for which, experience 
can but justify. 

In conclusion I am happy in being able to report that, with the 
exception of a few slight breaks and detentions, which are not of 
enough importance to mention in detail, navigation has been main- 
tained upon this division throughout the entire season without 
interruption. Respectfully submitted, 

WILLIAM H. H. GERE, Division Engineer. 



STATE EKGINEER AND SURVEYOR. 



81 



• 


^§H 






SQQ 












•s^ 






•^ g 






^ s* 












^ >^ 


















'^^ 






«»o 




( 


».s >. 






§^2 






v.-^ 












s s 






o •?» 












f ^ 






20 <4r 






55^ 






^ ^ 




• 


.52 ^ 




• 

1^ 


l^'fe^ 




m 

O 


I of ( 

mses 


< 


f^ 


.S Si 


u 


^ 




f^ 


00 «^<i 


M 




is 





^^ 



[Assem. No. 2 7 .] 



o 

a 



1 

eS 

00 

a 
8§ 

o 
o 



U4 • 

O 00 

art 



> 
CO 

o 

H 



}zi 



OOCOOOQOO<MOO 
OOCOOOOOCOOO 

00000500»0»— ICO"^ 

CO -^ <M CO 1-H O 



CO 
CO 



CO 
CM 



CO t^ 

O QO 

O ^ 
CO CO 



o 

o 

o 
o 
o 

<M 



o 
o 

o 
o 

o 



o 
o 

o 
o 



o 
o 

o 
o 



o o 

lO o 



CO »-• 
CO 



r^^ .^rTl h^ b'S 



S o <» a> © 

g <1> © fl? o 

§ c g q c 

*■ •^M ••M .pH ""^ 



a> S ^ 
a> © cu 

S3 S g 

'SJc'Sb'^o'fcb go ^ bj) bfl 

o ^ o 



o 



o 



w Q Q © "^ 



a fl S3 

o o o 

IF> t^M •^^ 

00 OJ 05 

>^^ »i^ "^ 

> > > 



^ p a p p 
.2 « o © o 

3Q 'C 1^ r^ r^ 



"4^ 



.22 ^. 

ft ft Q p « P^ P^ « «< /:§ 



• »i^ .^i.) '"^ .F^ .FH .t-< .|"H .^* .." 

> CO OQ 03 CO ~ 

• --' 0) O Q o 



03 


CD 


"3 HD 


O 


o 


O 


c 


oo 


-M 


^•d 


-<-• 


-^^ 


ctf 


C8 


f*"^ 




(1<PU 



00 






f^ 






£ 2 2 2 «' 

O) a; « O) "^ 

OOOO o 
.... CO 

6 



o c a 

SCO 






CD 
QQ 

P 

P 
C8 

-a 

Oh 

58 

;-) 
be 



c 






n3 






.2 =8 



82 



ANNUAL REPORT OF THE 



^3 

a; 



o 



c 

(J 

PQ 





O 

a 



O ^ 

Oi CM 

CS CS 



'^ 


t^ 


1-4 


"^ 


r^ 


GO 


kO 


O 


»o 


Ci 


4» 


r« 




(M 




«» 







O O O OO o o 
O O O O O CC 



O 00 o 
O CM O 



000*0*000000 
O OO CO >0 ©^ »-H CM 



I 

dt 
m 

a 

8l 

o 

9 

■*» 






> 
P? 

OQ 

o 

P3 






99 

CO 

O 



o 

o 

o 
o 
o 

(M 



h4 

o 
o 

O 



I—* o 
<0 an 



g3 

a 

cS 

o 



o 



o 
o 

o 
o 
o 

(M 



o 
o 

o 
o 



o 
o 

o 
o 



o 



CO 

<7^ 



OD-M OQ'+J OQ-M aj-M 



C^ 



bC be bt W) bC SfJ bC bp " 

accGcPoac 

COOOo©©©«* 

« OQ CO QD'n'0"'0 OQ 
• p^ '^i '^H '^^ "pii^ •p^ '"^ •»■ '^^ 

,!!L, .Zm »i^ *i^ qp O © © GO 



© 
00 


© 

OQ 


po ^ 


O 


O 


O 


o 


OO 


-M 


•*^ 


•<-> 


<!>> 


c3 


c3 


fifm4 




^f^ 



>-a)-i 



© © 
© © 



© © 
© © 

atn 



•T7bi) 

© ^ ^c 

^ '5 'S 

O O fl 
C C kj 

WW?: 



STATB ENOINBSR AND SURVETOB. 



83 



o a 
4» 



Oi 


1-H 


(M 


<;0 


(N 


1— 1 


CO 


^ 


4» 


t^ 




«» 



O O O O O <M 
O O O CM O CO 



•Si 



a 

O 

be 

o 



kO (M 

t^ r-l 



O "^ O <M 
l>- T-» QO ^ 
(M 



CO 
uO 



00 Q 
<M O 

QO OO 
(M 



00 

(M 


o 

QO 


CO 









o 

o 
o 

40^ 



Q 

iz; 

Q 
;zi 

< 



o 
o 



o 
o 



^13 ^'q3 ^"3 

3 i 5 > 3 £; 

03 ^ e3 ^ S3 H 

CO •** OU '«-> OQ -*^ 

•« *> v> *> 

3 S <» © « S 

S S ^ 2 •!> ^ 

2 2 <=3 o a a 

3 s ^ ® ^ ^ 

g G c 13 a 13 

93 00 T3 "TS 'O T3 

•^H mr^ »m^ »0^ »rm »^m 

>. > OS 00 W OD 

• im .Z^ ^ O Q Q 



>jJ3 


;^ 


& 


a> 


03 


»■■ 


^ 


o 


be 


•4^ 


a> 


5 


0^ 


OQH 



3 

o 
H 



00 OD <l^ 

is /i © 

o oO 

^ >* w 



^ (i^ 



"' S !3 
O O 



a 



i-)i-s 



j^^ 



^ n3 

S3 ^ 

o o 



OQ 

S3 
O 

^ S 



c3 

08 
O 

CO 



03 

cS 



o 
H 



84 



ANNUAL REPORT OF THE 



o 



c 




«Q 

a 

o 

a 



< 

!2; 



o <M o "^ 

O rH O O 

O CO »0 <M 
(M (M t>- -H 



ZO G^ 


00 


i-l 05 


O 


O O 


1-H 


CO rH 


'^ 


<M 


(»4 


<^ 


<» 



O '^i^ o 

O Tt< O 

»0 O 1-1 

<M Tj4 00 



'^ oo 


<M 


"^ CO 


1— 1 

• 


?0 05 


O 


'^ 


»0 


CO 


CO 


«» 


«» 



o 
o 

o 
o 
o 



3 



o 
o 

o 

o 



c3 > OC ^ 
cS Sm eS ;h 

t^ ^ ;^ :h 

OP Ci^ 0) Oi 

o) OP a> o 
s !=: s:^ a 

• i-x •»^ "fH '"H 

ti) to bo bO 

s s fi a 
0^ Q a> o 



o 



Q 

W 
O 



g J3 d 

CO oQ '^ n3 

r* •^- •-« (fh 

>> >• QQ QC 

Jh © OJ 



.1? 



f^ 



'^ u^ 



2 2^ © ^ 

O O 
COCZ) 

C O 

WW 



•Si 



01 V 

oo 

MB 



O 

o 

o 
o 
o 



o 



00 



to -*-» 

^ ^ a> 

o 0^ o 
bobo^ 

a p s 

O O S3 

•s 'ri "^^ 

CO QQ OS 

> > CQ 

QQ<1 



bX) 

<£) 



c8 

§ 

0) 
c3 

'TIS 

o 
o. 

o 
H 



2P 



2 2^" 

OO 3 

W ffl Q 



o 



bo 

IS 
H 



c3 
blO 



S 

o 
H 



STATE ENOINEEB AMD SURVBrOR. 



85 



OOOO'^TOCC'^ 
OOO-^O-^COOO 

CO 1^ CO 



CO 
CO 



CO 

o 



93 Oi 
O CO 

-CO CO 
CO ^ 



00 


iH 


rH 


iH 


C3 


iH 


l>. 


'^ 


<«• 


1—1 




»N 




tH 




<» 



Oi 



00 
CO 



o 
o 

o 
o 
o 



o 
o 

o 
o 
o 



o 
o 



o 



o 
o 

o 
o 



o 
a 

;? 

m 



^1 ^"•'i ^"g £* ^ 

bO ^ tOD to bo biC tD bD 

fl's a a a c g fl 
ooooggSg 

•fh "p^ •Fi^ •^-1 .jS .JS »wS ■ 
CO OD OD attn3'T5'w«73 

• ^^ "pH 'pii^ •»-» ap^ sfH 'r^ 'F^ 
>.>>.>OQQQfiQQQ 

• F^ •fH 'i-H •fH Q Qi) Q O 



0^ o 

CO (ti O 

o oO 






oo^ • • 



o3 63 ^ 



h^t-a 



;^ 






^ ;h 



O o o 

hH r^ rrj 
hH o3 03 



.2 be 



__, 


c 


88 


o 


s 


QQ 


08 


• FN 


O 


t> 






3) 


Q 


S 


O 


08 


F"^ 


fl 


'T3 


Q 


•T3 


pia 


• FN 


;^ 


^H 


.o 


o 


Vh 


c^ 


_i^ 


__4 


08 


08 


•*-» 


<M 


O 


O 


H 


H 



86 



ANNUAL REPORT OF THE 









? « 




««» 








C) f^ 




^ ^ 




<^ ^k 




S'?^ 




5^0 




•««.& 




•^ 2 




§s c 




5^ 00 




.2 « 




5^-.^-^ 




^ OO 




?: rH 




C". 




0^ ». 




<^ o 




S5 CO 




•«* . 




^1 




"^i 




8.^ 

§05 




•«> 


• 


• 

ipensat 
ending 






o 


•^ >^ 


O 


2: '^o 




's e 




^ o 


rH 


00 ,30 


• 


G •. 


o 




^ 


SJ'N 


PQ 




g 


52 § 




^ ^ 




^ -. 




o o 




•5? ?5i 




?^ S 




5^ 2 

00 ?s 




<ii 




"^g 




05 




S^ <» . 




S '"52 -^ 




■js "^ "^ 




i'^S 




1.1'^ 




« SS «C 




S^ § § 








K5J ^ rH 




Co , 














•sd ''to ^ 




« 




•Ki 




05 



5 

p 
a 

o 



o 
-*» 

CB 
m 

s 

o 



OB 

& 

o 
o 



p 






co»c 0000000000 0000000 

COrH»00*00»OOOiOOOOOOOOOO 

COOCi'^00^'-Hr-ltO»00<IS<ICOt^O^'^^00<M 
00"^G<lOl>-OiO^COl>-'-»»— iOtMl^QOCOt^-"^ 



o 
o 

o 
o 
o 



00000000000000000 
iOiO^O»0>0»^0»OOOw^*0»0»0000 



C5<MCOG^t^0Ot^aiQO0OQOG<l(M"^G<ICO'^ 
rHCOrHrH <Ni— 't*-! CQt-It-H 



S > 



'fcc 











<3^ 






bo be bD be bD 
pj G a s s 
& c; a> o o 



9 



03 



c8 




cd 



GQ QQ X GO 






O 

rs 



c; 
^ 



GO % 



GO 

• (— I 
CO 

00 



P 
O 

0) 



CO 



CO 



O 

o 



o 



QQ 

c 
o 

0) 



'JO 

• f-H 
CO 
CO 
C3 

c 



c 

s a 

CO 



s c G 

cs ^ 53 

S S 

OQ CO 00 



u u^ ;^ %^ ^ ^ ^ 

vVv Vr^ Vr, Kr. <1> ^ <I> O ^ ®3 SS 

be be oe. oe— p— 1 f-s p^;; g a c 

cec8csc3>p>>>n3n3n3 



CO 



CO X 

.c3 ^ 
. . ^ 

pqwk; 



.p o 

CO O/ "^ 

bei^ 

O c8 
o ^ 



H 



o 



g8 



O <I> ^ 






CD 



>><=^ 



s^ C- b' 22 CO 
OJ rH r- -p 53 



' ':) »^ Pi 



HO 



O h4 Q « hJ ^' P5 ffl ►^ 



STATE BNaiKEEB AND SURVETOB. 



87 



OOOOOOOOOOOOOOOO 
kOOOOOOOOOOiOiOOOOO 



ri t-H C^ »-i (S^ CO (N 



o CO CO ^ 

O G^ <5^ "^O 
CO I— I rH <N 



00 



O 



rH i«j1 QO ^ 
CO t* Ci <X) 

O tH if5 O 

o:» (M Tj^ o 

CM C<l CM 



oo 



o 



ooooooooo 0,0 00000 

i0000>^k^k0i0^»0'0i00000 
(MCOCOCOfl^<N(N(N<3<«(M(N<N-^COCOCO 



CO?OtHQOO^(MQO<X)^OI>» 
<r>-^t>-t^<NO<MO(M 



iO rH rH QO 
t* -^ Tfl QO 



s s 

P B 

q a 

se OS 

c p 

P o3 c3 9 rs *■ 



c3 



c a 

06 ss 



;.< ^ ^ ;w 
0000 



d g fl .^ . . 

saasggsaaasalill 

ocoocrorxx><^><X2?2S52 



^ S ^ 

3^ 



00 



0^ 

^ O 
t> "^ •«} 



(£> 



a> S 2 

Lri S S 
c8 



2 C ^ 



o :^ 



MP^ 



PhM g<i 



« ^ ^^ •?-• 



fe- 



a 



05 
Id 



n3 



d 



o 
S 



o>^^^ 






d 



I 






CO 
0/ 

p. 

^ d 
^ o 

OP 



d 



fciO 

c 



CO 



&>*.3 ^ 



Qi 



CO ua 
_ o ^ 

cqAhO 



t? 






.2 



s5 
O 

H 



AHIIDAL BEPORT OF THE 



15 



'^1 






51 






■ oooooooooooooooo o 

... — ■-irtioiOO'raOOirtif5>0"OOwCZ> 



Ht-ODC-3>CC00» 



3 a 'Sd'Sj'Sd'Hj'se ' 
:cc ■§■§■§ ^ -2 : 



I J 'II III S I 6 E ; 
= cases WjtptcMi^ 



I J '^ a 1 B s MlDtcrlil -11 -I s I § 






S-s-s 



88 



ANNUAL BEPORT OF THE 



•73 

.s 

"-♦3 
O 






%> s^ 






O 


o 


o 


1"^ o 

•to 






o o o 






"3 


00 *o t- 

-<li <3^ C>< 






o 


<N CO <» 






H 


♦N *» •^ 

i-H CO <yi 








^ 






























o o 


o o o o o o 


o o o o o o 






• 
5 


o o 


o o o oo o 


o o o o o o 




•*"C) 




g 


<M CO 


i-H CO -^ ?0 (M O 


•^ O CO lO O <N 




s?^ 




o 


»-« CO 


lO CO <M "^ '^ <M 


CO '^ CO Oi CO CO 








a 


CO C5 


CO Ot O kC 0^ CO 


(3^ O Ci rH G<l 1-H 




§^1 




< 


<» 




rH 


















1 

eS 


o o 


Q O O O O O 


0*000 






oo 


»rt o o *o o o 


wo O O l> »0 O 


IS.* 




o fl 












a^ 




•^ -^ "^ CO <>< <M 


^ ^ CO CO <N CO 






o 








•2 




9 a 


QO -^ 


00 '^ CO CO 1-H CO 


(M O <M <M '^ '^ 


c s 




g'O 


t» CO 


t* CO kC »0 <M »— • 


O CO 1-H kO O kO 


"^ « 




0^ 


<M rH rH i-H CO 


(N CO rH 






^"Z 
























































.SO 
















!- CO 
















«0 
































S !> 
















^1 




• 
















\Zi 












^ ^ 




o 












« a- 




M ' 

H 
















< 






1 a 






C 




o 




f 1 1 1 • 1 


e« ^ Cj ^ ^ A 

§92333 

§ o o o o o 










e3 ^ oS 93 ^ c3 
fi S S fl fl fl 


S '^ 






r-urt p-H 


^ A ^ S3 o3 ^ 


>^ 


'^ § 






cj c3 


O O C^ O O O 


bo bo bo bo bo bo 


- e 






s 


o o o o o o 

be tiD bo be be bo 

o o © © CP © 


fl c fl a s p 

P P 3 p p P 

a s a a a a 


55 S 








^ ^ ^ ^ ^ b 


CJ © © CJ Q o 


-^ ?5^ 






;u4 sh 


OQ QO CO -/} OD CO 


^ ^ ^ J3 43,^ 








WW 


ooooco 


QOQOOO 
















s"^ 
















•2 » 
















§^ 
















-s §» 
























' ' t<' fc 










• 




u t 


■ '11 




I I >^ I ! 




s •?? 


lO 


< 


»-» • 


1 . CO g 1 


>> 


1 \ ^ t 1 




showi 
Divis 




7\ 


o a 


-2^ la S3 S 


3 


5 ^ bO S. S. ^ 

•t: .ti P o o t^ 








CO s 


a a §^ gj^ 

• ^.^ 'fH •'^w j^ ^^ 


fP ja « o o Js 


50 


I" 


• 


1° 


oj 75 1> t=- -£ -S 








W^. 


I^S^^S 


,? 
.^ 


• . • O; Q>| , 







STATE ENGINBER AND SURYSYOB. 



89 



o 
o 



O 

o 

QO 



O O O 

O O O 

O O O 

l>- '^^ T^ 



kO kO o 
l> <M O 

CO (M <M 



fN O O 
rH Oq (N 

CO 



cS 


c3 


03 


fl 


5 


;: 


CS 


03 




o 


« 


Cd 


o 


O 


c 


bD W)bc 


G 


S3 




03 


35 


OS 


^^ 


<~ 


(-< 


»-« 




PM 


C^ 


O 


(O 


pd 


^ ^ 


QOQ 



S Q O 

•^ ^ ^ 

bta a 

O c! 55 

• • * 



03 

o 
H 



a:> o io 

1-H O Oi 


1-H 


00 >o o 

CO >o o 
Oi <:© oo 




iC oo <M 


(5^ 



o 






03 

o 

03 
V •11 

GO 
03 {Kj 

£>* 

^ 03 03 

gas 

Pi® o 

£ S c 

P^ 'F^ 03 

c3 c3 fl 



05 

'♦■A 

o 
H 



^ 



90 



ANNUAL BEPORT OF THE 









•S s 




Sep 
rnsio. 








"2 <» 




s '^ 




s^ 




^^ 




1.^ 




«^ 




i«Na ^ 


» 


G O 








.R g 




> O 




s o 




5S , 




'« 5: 




^•^ 




s ff 




o s 




^^ 




•^ <^ 


4 


2e O 




§^ 




S g 




e ^ 




-^ ^ 




2R JS 


o5 




• 


^^ 


o 


•ss _ 


J2; 


5S ''^ 


H 




^ 


.9 '2 


PQ 


^•s: 


< 


^ i 


H 


V s 




«o 5" 




o ** 




^ 10 








S ^ 




.s c 




•«« 




'^'S 




S ss 




^ e 




i^ Q> 








^^ 












c c « 




22 '*^ Si 




^ « 5: 




'i^ **** N^ 




^ ^ ^ 




^ "Ki «> 




•S ^ "S 




^ i-H ^ 








^ CO ^ 

1 1^ 






a 

•pa 

a 
a 5 

S « 

B 

< 



a 

o 

•*» 

O 

o 

a 



e 



to 

a 

p « 

O 

a 

<: 



a 
o 
o 

C6 OB 

2 *■* 
o a, 



a 

• P4 

OD 



O 

o 

H 

w 



O O O 'ftl 

o . o o t* 

O a> O T-H u^ 

^ "^S o< CO t* 

^ -fj O^ Ci »~t 

*N ^ r% vN f\ 

»-H CZJ »r:i 00 <N 



O oo 
O l> 

O CO 
i-» o 



00 
CO 



o o 
o o 

o o 

00 <M 



o o 
o o 

o o 

'^ CD 
00 <M 



O 00 o o -^ 

O l> O O t^ 

O CO O »-H *o 

O !>• <N t^ CO 

O rH CM |> -rt* 

r\ CN cn •>> #> 

CO o »o oi -^ 



CO 
00 



o o o o o 
o . o o o o 

o a> lo o o o 
o ':3 Qo -^ o o 

rH IS ;0 (M O (M 

«N O r\ ^» »N #N 

<N C^ O 00 O t- 
»-H 1— I CO O 



00 

CO \ 
r- 1 

00 



o o o o 
o o o o 


o 
o 


o o o o 

O w^ <?< CO 
-^i< CO Tt« CO 

r% ^\ *N CN 


> o 
o 

' QO 


-^ Ti* kO <M ' 


1 l>- 



«0 
CO 

CO 



o 
o 

CO 
CO 






< 2 



l-H 



o 

ti 



o 



O 



o 

.0? ^ 
^ CC 

O != 

•S S 
HO 



CO a> 

03 O 

OS 

- i 

42 o 

# 



QO 

o 
H 



0000 


• 


0000 


• 


0000 





00 »o CO 


1 


<:C CO 


1 1-H 


rs «> *N CN 


1 •* 


(M -"sil CO <M 


1 10 


i-< G<l rH 





<» 





000000 
000000 

0*0000 

000000 

MO CO rH CO O O 

»N *» rs *x •> 

«£>■>* o o o o 



1-^ 
O 

a 

O 



o 

00 

o 



be 

> 



to 



•<l 






QO 

o 



8 



^ 20 



^ ^ 



•4J 



c«PhOPQ a 



o 

o 



c3 



^ ^ ^ 

•rl p— C 

O C* o 



a 5 i 

O © c 

c a = 



STATE ENOINBEK AND SURVETOB. 



91 



o 


o 


o o o o o o 


o 


o o 


. lo 


»o 


o o o • o o . o 


o 


o o 


rO 




r3 ^3 






O rH 


CD 


O Ours© ioioo^o 


o 


O '^^^ 


•23 0^ 


^ 


s<i owrs'r;oooc505'T3t^ 


-* 


-^ QO 


*S CO 


QO 


QO Cii-HXSnS'^'sSTHi-ltSc^ 


o 


CN tH 


^ «N 


r\ 


rN «NVsQP r^rsQ^rs 


«N 


^\ »N 


C» rH 


05 


i^ Qoci^/^ cdcdc/;jco 


<N 


O QO 


• 


Oi 


4» 


-^ 


(M 




i—J 




^ 


<^ 




^ 








l:^ V 


l> 


O O i<MC0iOC0'i '-^ • 


t^ 


O O 


l> • 


l> 


O O 1 (N 1-1 "^ i-t • ' tH • 

1 1 L 1 


CO 


O o 


CO • 


CO 


O O 1 O CD G<l t^ • • C5 ' 


o 


oo 


QO • 


rH 


QO O 1 lO G^ QO CO » • 1— 1 » 


o 


CD QO 


•^ • 


i—J 


i-< tH I CO 1-h 05 "^ " • Oi • 


CD 


(3^ l>- 


«N 1 


#N 


«N #> 1 o »s r\ #\ f 1 1 


CN 


»x 


CO • 


CD 


(N CD • "^ lO w^ »0 ' ' ' 


o 


o 


CO t 


1-H 


CD CO 1 111 


(3<1 


kO 




cq 


«» 1 III 


r-i 


^€^ 




^ 




40^ 




t^ 1 


t^ 


O O » (M CO »C CO • • Tj< • 


t^ 


O O 


l> 1 


t^ 


O O 1 (M i-H Tii r-< • • Ttl ' 


CO 


O O 


CO 1 


CO 


O O I »0 CD 0^ (>► I « Oi ' 


o 


o o 


CD 1 


»o 


Tjl O » »0 (M QO CO t 1 rH 1 


CD 


'^ 00 


CD • 


CO 


1-H tH I 00 i-h Ci -tJI 1 1 05 » 


O 


lO l>- 


•^ 1 


•N 


»^ rN|«N«<\CNr\|| 1 


•> 


r\ 


<M ' 


o 


"Th CD • Tfl iC ^O lO • ^ ' 


(M 


o 


TH t 


<M 


T-H CO , III 


!>• 


-•^ 




r- < 


«^ 1 III 


^' 


^ 




€© 








r^ o 


!>- 


O OO<NC0»0C0OO'^O 


t^ 


o o 


i> io 


Ol 


O 00<MrHTt<rHOO'^0 


CO 


o o 


CO y-i 


O 


O 0»OiOCD(Nt-iOxOOiiO 


o 


O '^ 


QO (M 


CD 


O O lO »0 «N CO C0"05 05 1— 1 !>> 


'^ 


O CD 


'^ CD 


C5 


O Or- lQ0»-tOiTt<rHrHOSt^ 


CD 


lO (M 


#N #N 


•> 


•N r^r^vN«sr^«N•^«s as 


«^ 


•^ »N 


CD i-H 


»o 


O OOSTiliOiCkOCDCD CO 


CM 


»o a 


CO 


rH 


t^ Ttl 


CD 


t^ 




Tt^ 


<^ 


r^ 


^ 




^^ 




^^ 








-»->,!—»-»,,,,,,,, 










^5«»^ 


V 








is o 00 2P 1 


• 








C i',^^ . 1 I . . ! s I 




















^4 Tn ; -^^ ;;;;;;; e ; • 




GO CANAL, 
rook reservoir. 






MUNG CAN 
river at Corni 

river at Cor 

by act chap. 

. 1 

24 

28.. 

32 

36 

40 

er feeder in t 
3 at Watkins 




cO 








o -e 






completi 
bridge a 




CHK 

hemung 

hemung 
ithorized 
h^ck No 

do 

do 

do 

do 

do 

do 
ridge ov( 
fig bridg< 




dam 
hord 


O 


rk in C 
rices . . 
rk in C 
rices an 
airs of 

do 

do 

do 

do 

do 

do 
hwny b 
;er Swii 


CO 

1i 

C 


bCfc/J 




H 


H 


'5 *5 


.SPc 




o p- o p- a. bLr^ 




rC ^ 


mA 




^ ^ M Wc^ 




WW 



■■■■ 



92 



ANNUAL BSPORT OF TH£ 






o 






n « 

a 


o o o o o 


o 


o o o o o 


o 


2 S 


^ i-H f-H t^ CS 


CO 


S § 


CO CO o "^ CO 


CO 


£-« 


<N OO t^ t^ O 


Oi 


|JS 


^k #N #s ^ r« 


•N 


00 l:^ «0 «^ Ci 


CO 


o S 
B 


^ 


CO 


< 






• 






o 






a 


o I I I I 


o 


o 


o • • • • 


o 


6 


o I ^ I I 


o 


9 


CO « I • I 


(N 


o 

s 


tw I 1 1 1 


oo 


<^ 1 1 1 1 


•« 






CO 


08 




»o 


o 


lit' 


«» 


H 






M> 






fl 






•fi 


(O 1 • 1 1 


o 


«» . 


^^ 1 1 1 1 


o 


•o >: 






SS 


o ! ' ' I 


o 


§^ 


QO • • . 1 


o 


'^n 


t^ 1 I 1 1 


r^ 


^g 


«» 1 1 1 1 


•N 


fl « 




(3<1 


g*" 




-^ 


B 




m- 


< 






1 






fl 






8 


o o o o o 


o 




o o o o o 


o 


^ « 








"«^ r-4 rH t*» GS 


CO 


® is 

O CL 


rj< CO O "^ CO 


»o 


^■^ ^"^ 

• I 


O QO l> t^ CO 


t^ 


r\ rx •% «N cv 


«N 


1^ 


Ci l> CO >o Oi 


CO 


<» 


(N 




i-H 


CQ 




«» 


H 








1 
* I 1 ■ 1 1 






•^ . 1 I 






<» . 1 1 . 1 






^ 1 I • • 1 












.g I I I I I 












vs 






'^ . • • • • 






^N 1 • • ' • 




• 

P3 


^ : ! : : : 




o 






^ 


M ' ' * ' • 




§ 


!^ ! ! : ! : 




(4 


^ ; ; ; ; ; 




^ ; . : ; ; 




H 


Q O ^- >o CO !>• 






CO !>• o o o 




(4 


O o- ^ "" "" 






K\] o o o o 

^F^*^ ^ TS ''C 










0;p 


OD 




2 c o o o 


o 




•s '^ '^ "^ '^ 


H 




^ 






^ 






(^ 





STATB ENQINBBR AND SOKVEtOB. 



d3 



a 
o 

O 






•c 8 



i 



8 



8 5 



^ 









52 






3 



^ 



3 » 



'ea 



S 



•Si 



''I 



O 

•s 

•sa 
S* 

S 



to 
Si 



"Si 

O 
"sa 

CO 
^£> 
QO 



go 

CO 



c 

ff 

e 
u 

o 

!> 

C 



V 



•K* 






5^ 






g 

o 






<*o 






^ 



^ ^ s 
^ ^ 5* 



05 



U 9 

a ^ 



a 

eS g 



eS 
o o 

o « 

'* ® »: 



»0OG^^-»0(MPOOtHOOO0OOO 
O'^w^C0T-H'«^t400O'^CC0000^Q0»O»— 1"^ 
OOt-1-lQO'^t^QOOO^iOQO'^TtlCiOOO 



<^CO <M Tt< <M CO »-( y^ 



CN lO O ^ 
r-l tH rH <M 



oooooooooooooo 

•^t^COO't1^:DOO<MG^OOO'3^ 

co(MOooaiaiO<M>oocooiOiO 

t^OCOG^OCDt^^TH'^Cit^l>'^ 
H CO 1— I t— • (M 1— I 



OOOOOOOOOOOOOO 
0"^<^0'^^G^<X>^000^<M 
THCNOQOCOQOTHCSrHQOCOOiOkO 



^tOCOO^OCOCDCO»-H 
'" H (M r-l i-» <N tH 



r-l Ci t^ l> -^ 



m 
e> o 

"3 2 

g o S. 

•»^ .^ '^ 



.s a 

a » 



o 
o 

H 



1^ 



o o 

^ QO 



O O 
rH CO 
iO QO 



fcC>0(Mt^»0©^000'rJ*0000000 
■^QO'— •a5»OOQOOCDkOOOQOTHO*jf5»00 
1— ICiG^C0iOI>Q0OOrH»-l'^O»0O»-HTt< 

1— »l>•co<^^OCi'ooot^TJ^•Tt^QOC5t*^OQO^- 
1-H«^cofcOcO'^o<^cor^rHC^^^-^ rHrHrHCN 



*0*0»000*0»r:>»0>000000000 
Ci»HCit^0i0iCiQ0"^C0k0i0C0O»0»0O 

oai*ccococoor-it^'^coOrH»-^co<;oo 



COt^-^G^COOcOi-HCMiOOt^ 
rHiOCOC5kO>OTj<'MrHi— ICO»-< 



(M Tt* (M (M »-H 
1-H i-H rH (N ©^ 



• 



?-l©^C0^»0CDt»Q0C5OrHG^C0Th»OC0^» 

o 

;?; 

cocoooooooococooc 

O 



I I 
• I 
t r 



• I 
t I 
I I 

* I 



I I 

I » 

I I 

r I 



I « 

I I 

I I 

i I 



<Ni-HOOOOOOOOCOtJ<0000'^ 
COI>QOQOOdC^QOQOQOQOK>QOQOQOQO0OQO 



94 



ANNUiX BEPOBT OF THE 



r3 



O 






e£ 


000000>«0»000»«0^0?0^^00l>» 


■S a 


Our^OkOOO»OOCOCOC<IOQOQO»-lCiOiCi»OaiTO 


U 


CQc^OOrHt^-^i-HCOCOOCOThlOiThOCOOCOOO^ 


2s 


Q0<M©^l:*O<M0iC0rHai«00iOa>C5rH(Mi-»k^O<M 




COrH<NCOCOi-IO<li-H(M rH i-H ^^ r-i r^ r-i i^ r-i 


§3 


<» rH 


H c 




<•- 




d 


oo 1 « lO • lOo • looooooooo 





OO # • tO • I'^O^ 1 iQO<N(MOQOO<MOO 


O . 

a « 


CO©* • • 'Oi » 'O*^ • •co<Ncocia^<x>OkOco 


VN lll#^ll'^ ||r%#\«N c^rsrx rv 


* 5 


1-H ••»Ci»'<M •if-irHrH (N(N(M '^ 


--^ 


(N 1 » • • • 11 


o 
H 




one 
fiscal 


oo i.i lO » lOO 1 'OOOOOOOOO 


oo . • lO 1 i-^G^ 1 iOOCN(MOQOO<MOO 


'^•C 


CO 9^ • I 105 • '0^*4 1 iCCG<ICOCiO<?00»OCO 


"S-fl 5 


r» lllv^ll^N ||«N«s«N «>r\rs •% 




(M • 1 1 1 t .1 , 




«» . . ^ . • 1 . ' 


'O 




-*a 




00 


OOOOOOOOw:^5DO»«'^C0O«0?0C0QOl>- 


o o 


0»OO^OOu^Oi-^0<NCO':cOcoait*Oit^OiOO 


ated 
ontra 
rices. 


OOOOrHCO'^T-lcCt^OCOQO^t^OiOCDCOiOtfS 


C5CO<Mt*0<MaiOCOai005i-Hi-lOrH'^CCI>0«0 


a ® ft 


lOi-HO^COCOCNO^f^O^ »-J 1-Hr- ii-HrHrHi-HT-lr-4pH 


OD " 


<» rH 


■1 


OOOOOOOOOOOOOt^<MCNkOkOrHCOrH 


t o 


O00i«>0>000000»00'^t-(M iO.Ci Ci CO C5 




00«Ot*;0»-»OCO»OCO<Nt^CiTt»<MQOOOCOCiCO-^CO 


t^OC0Ok0<M'^<Mt^»-HCDI>i-H<N»-H(N»0(MC0a5C0 


60 -S 


lOfHO^COCOi— lO<lt-ICiTHTH i-Hi-HrHrHrHrH»H tH 


» • 


4» 




..•••......•..... .^ 




;;;;;;;;;;;;;;;;;;§ 
1 • 1 1 1 1 1 1 1 1 1 1 • 1 • 1 1 1 ^ 

• 




;;;;;;;;;;;;.;;;; ;^ 




I I I I I I I 1 I I I I I I I I I I ^^^ 




••''''''*'''''''<nco 




1 I 1 1 • 1 1 1 1 1 1 1 1 1 1 t 1 # QQ 


# 


1 1 1 1 1 1 1 t 1 1 1 1 1 1 1 1 1 1 c; 

1 1 1 * • 1 1 1 1 1 • 1 ' « 1 1 1 1 o 


PS 

o 


■ . : 1 . 1 1 . . . • I • 1 1 • • 04 
1 1 1 1 1 1 1 t 1 1 1 1 t 1 t 1 1 1 <» 


^ 


''**,*' I I I I I I I I I I I I '^ '^ "^ 


o 


1 1 1 »» 1 1 1 1 1 1 1 1 1 1 1 1 1 .ij 
11111111111111)1110 


PS 


1 1 1 1 • • • t • 1 • • 1 • 1 1 1 • s 

1 1 t 1 1 » 1 » ( 1 1 1 1 .4^ »^ 
1 1 ( • 1 1 1 1 t 1 1 1 1 Vh q^ 

I I ! I I 1 I I I '. I 1 I "lit o o o o S< 




ooaiOrH(McoTjHio^i>QoaiO*^ r^ 


»-HrH(N<NCN<N(MC^(N(M<N(MCOi:^t^t^^t^ g 




• »*^^»»»»— .^ 




!z; ^. ^ .3 




ooooooooooooo p ^ 




^ ^ '^ ^ ^ 9. >^^ 




a 


t 1 1 1 1 1 • 1 1 1 • • • 


•*4 • 


1 1 1 •• 1 » 1 1 1 1 1 1 




1 1 1 1 1 i 1 1 ( 1 1 1 1 


60 09 


ii»»fiiitii*i 


§•§ 


QOOOOO'^«^(NOOk^OiO 


♦^ 


30 00 QO 00 00 CO QO QO OO 00 X QQ <30 



STATB ENOIKEEB AKD SURTBTOR. 



95 



t^ O »^ CO CO k^ 


CO 


CO QO O O CO O 


lO 


O <:0 CO QO rH C5 


1-H 


r\ •N CS WN CS #H 


rv 


Oi 1— 1 O CO o o 


CO 


rH (M (M (>l rH 


QO 




GO 




«» 


'•oo loo 


o 


. -£> -«^ I O (M 


CO 


1 O O . CO CO 


t^ 


1 rs «% 1 


*<« 


• (M 1-H • 


'^ 




CO 




(M 




4^ 


loo ' O O 


O 


• :r> Tt» 1 o <M 


(M 


1 ^ ^ • CO c<o 


r~* 


1 VN VN t 


«N 


» G^ rH 1 


00 




rH 




(M 




^» 


t^ O O CO CO >o 


CO 


CO ^ O <X> CO (N 


-* 


O CO O QO Tt» <M 


1 ' *^ 


^S ^S 0^ ^S ^\ ^^ 

OS '^ (5<l CO O ^ 


o 

(M 


T-t <M <M (M r-4 




««k 




1-+ 




<^ 






»0 !>• *0 >0 O -^ 


o 


rH CO O Oi CO CO 


Id 


l>- O i-» CO 05 Oi 


CO 


#N •* •% WV WS #S 


•* 


t> Oi "^ CO <M 00 


o 


r-f 1— » r-t 1-4 




1-H 




«^ 


» 1 V » 1 » 




0^ 




> 




• m* 




§ o o c o o 




F^ ^3 13 n3 r^ r-y 




O 




*-* 


• 


mH 




• i-H 




»o o o o »o o 




1— » Os4 CO y-* 


■ 


o q o o o o 




-M -*^ -W <W .4-« -4-^ 




1— f CO 1F-4 »-• 1-H CD 




rH ©^ , 


» 


OC QQ 




^ o 




^ ^ 




22 O O O OB O 




5 ^ r^ ^ C HD 




O o 


», 


•»-» .s 




"t^ -*^ 




S^ o 




S « 




GQ oD 




^ £! 




® 3 


QQ 


« O C O -J Q 


^ 

•*-< 


g 4f 


o 
H 


^!^ "^H 




S '^ 




O « 




» 


1 



96 



ANNUAL fiEPORT OF THE 



?o 



CO 

o 

a 



•«* 




c 




§■ 


1 


^ 




OC! 


CO 


» 


CO 


O QO 


^ 


1—1 


?s 




.2 


•^ 


"*«»» 
^ 


o 


s^ 


CO 


.*^ 






SJ 


c* 


<> 



•tsi 



a 

o 
o 

a 
< 



O 

■*» 

P 

O 

a 



OrHOOOOOQOCOOO 
•^t^rHOiOG^lOQOCOiOCO 

TjiCMr^G^CJ^CSCOOcOrHiO 






CD 



(M <N 1-H tH 



QO 
WO 



(M 



Oi-HOOOOOCOcOOO 
-^l>-i-HO»0(MOt^C0kCC0 

»O<N»C*OrHrHiOI>-<N^U0 

"^(M'^(M<M*aiC0rHC0^-HiLO 






CO 



00 <M 






I 

2 

OB 9 

a 



o o o o o o o 

O <M O O uo o o 

O lO O ^ 1-H »0 lO 
CO ^ Oi <M (M (M t>- 

CO G^ CO CM (M "^ CO 



PS 
o 

o 

PS 

1^ 

H 

PS 



O 






O 
^ O CO c;> pJ5 



03 



a 



c3 

be a 

^^ 

^ « fl 
bD^.22 =! 

C S 13 P 



o 

03 

c 

^ 5 

GO S 

>| 

«s o 

•r" O 



CO 
QO 



03 



O wo 

WO !>• 

CO «N 

(M CO 

CO wo 



wo 

CO 



=€^ 



O 



GO 



O Q? 



5e a 






c:) 



-^^ 



QO 13 J3 p3 - 



'^ o 






o 



C O S3 "^ 



o 

o 



be 'I' 

fl CO 

^ S 03 bID;- S-T5 



00 r;3 






a> 03 



« c* ^ 



G t^ O ^ 



2 b/O^ 



1^3 03 



^ O 



00 (X> 

o ^ 






c8 

O 

H 



O CO CO" 
CO !>■ "^ 

CO 1—1 CO 
QO (M CO 
t-( "^ <M 



O CO CO 

CO l> -^ 

CO rH "^ 
QO (M CO 
1— t Tti CM 



0^ (N 



o 
o 

00 



CO 

o 
o 

CO 

be 






53 



OS 

I— " 
03 



a> 



CO 

'*-"^ 9 

§-« 

C a> - 

"^ S be 

iJ» OP c3 

o ti .^ 

. p pC © 

OHM 



03 



STATK ENGINEBB AND SURVETOB. 



97 



O -TiH »C O CO O 
O O 00 O Ci CO 

O r-i -^ -'^ O «>• 
O 0:> CO t^ o^ o 
O OO <N <M CO Ci 

O Oi 



QO 
QO 

<M 



>C (M O 
CO CO QO 

rH <:o CO 
(N c^ as 

GO »— ' ^ 

rs rs •> 

lO <M -^ 



00 






O O "^ <N 

O O t^ <X> 

QO t^ "^ Oi 
QO 00 O l>- 
(M CO <M »0 



O •<* iO o «o o 
!>• O 00 O 00 CO 

lO 1— « "^ "^ »— • t^ 
00 O^ CO t* 00 WO 
05 OO (M (M ^- O^ 

O <M 



O 

o 



o o o o 
o o o o 

O CO «N '^ 
O »H !>. !>. 

O 05 -^ (M 



O O WO 

r-( 00 00 

t*- "^ CO 

•T^ O 05 
O ^ Tji 

•N CN •> 

!>. (M '^ 
=6©- rH 



«N O 

<:£> O 

CD O 
c^ O 

1—1 00 

=€©=1-1 



wo 






O O tH <M 
O O «:^ CD 

00 !>• rH Oi 

00 00 »0 ir- 

01 CO CM »0 



CD 
CD 

CD 



O O rH O 
O O t^- O 

(3<I t- rH CD 
00 00 »o t^ 
CO CO S<l 00 



QQ 



WO 
CD 
00 









o o 



2 ® 



S 



f Assem. No. 27.] 




96 



an 



► F^ OQ 



o 
H 






^.^ 



P^P>^» 



CD 
CO 

Oi 

O 
wo 

<M 



CD 
CO 

Oi 
O 
wo 



rH 
<M 

O 
O 

4^ 



2 

3 






98 



ANNUAL REPORT OF THB 






a 
o 



CO 
o 



• 


t^ fH rH let 


•^ 


•P4 


t^ rH ^X> t^ 


(N 




"^ GO CN (M 


QO 


•*a 


CO CO Cd zo 


(N 





0^ t^ 0<l CM 


>o 




4« r. «N 


•N 


a 


<N -^ 


t^ 


<J 




4» 


• 


l> tH ^ liO 


05 




t^ rH -^ t^ 


o 


-§ 


'tH CO t^ <M 


CO 


•«» 


CO w »-• <^ 


»o 




<N l> lO (M 


l> 


o 


4^ »N rx 


•N 


a 


<N wr^ 


00 


< 




<» 


1 


t^ ^ '• o 


00 


o 


t^ 1-H 1 kO 


CO 


e* • 








'TiH 00 I <M 


lO 


CO CO • !>• 


'^ 


fl.S 


(N t> • (M 


(>i 


o A 

a 


4^ rx . 


CO 




«^ 




. • 1 bl} . 






1 • CO S ' 






I I -: *^ I 






t 1 o O • 






; ;^ £ ; 






1 • • ^ 1 






• 1 « 23 






CO q 






1 1 "•* Q 1 






1 • c 1 






QQ O "^ 






1 Oio • 






• r ^ - » 






. s « -fa • 






» QQ l-H O • 












» (^ o G^ • 




M 


lJ # o 3 9 




pt3 

o 


§feM^^ : 




^ 


<1'? a o o ; 




o 


8^51 § 




o 


K c<^««-g . 




CHARAi 


^ fl § «» I 

O Q o , 






- SpOnS a 


CQ 






3 

o 




^ "S '3 t; -iS 
O 03 s ^ g8 


^ 




O d^PnO ^Q 






^(^^^ 





STATE ENGINEER AND SURYETOR. 



99 



SUMMARY. 

Amount of work done in fiscal year. 



CANALS. 



Work under 
contract. 



Erie 

Oswego 

Chemung 

Cayuga and Seneca 

Chenango (proper) 

Chenango extension.. 



13,273 78 

120,353 77 

72,560 37 



42,100 00 
218,120 00 



466,407 92 



Work not under 
contract. 



27,247 10 

40,999 50 

24 j 145 75 

2,509 36 

8,753 09 



1103,654 80 



Totals. 



40,520 88 
161,353 27 

96,706 12 
2,509 36 

50,853 09 
218,120 00 

570,062 72 






WESTERN DIVISION. 



Division Engineer's Office, ) 
RoGHESTEB, Oct., 1866. J 

Hon. J. P. GOODSELL, 

State Engineefi* and Sm^veyor: 

Sir — In compliance with regulations, established under act 
chapter 169, Laws of 1862, I herewith submit a report of the 
expenses of the engineer department, together with statement 
showing the progress and present condition of the work upon the 
Western Division of the Neiv York State canals for the fiscal year 
ending September 30th, 1866. 

The canals embraced in this division are as follows: 
Erie canal from east line of Wayne county to Buffalo, 148^ miles. 
Genesee Valley canal from Eochester to 

Millgrove 113^ miles. 

Dansville branch of this canal from junc- 
tion at Spraker's to Dansville 11 miles. 

124^ miles. 

Total 273 miles. 

~' '■ ■ 

The navigable feeders are as follows: 

Genesee Eiver feeder at Rochester 2J miles. 

Genesee Eiver feeder at Oramel | miles. 

Total 3 miles. 

.The canals on this division are supplied with water from the 

following sources : 

Erie Canal. 
Lake Erie. 

Tonawanda creek at Pendleton. 

Oak Orchard and Tonawanda creek at Medina. 

Genesee Valley canal at Eochester. 

Genesee river at Eochester. 



102 ANNUAL REPORT OF THE 

Genesee Vallbt Canal. 

Allen's creek at Scottsville. 
Genesee river at Mount Morris. 

Caneseraga creek feeder, two miles north of Dansville. 
Mill creek at Dansville. 
Wiscoy Creek feeder. 
Genesee River feeder at Oamel. 
Rockville reservoir in Belfast. 
Two branches of Black creek on summit. 
Oil Creek reservoir on summit, two miles north of Cuba. 
Champlain creek on summit at Cuba. 
Griffin creek on summit at Cuba. 

Ischua feeder from Ischua creek connects with south end of 
summit. 

Haskell creek on extension. 
Dodge creek at Portville on extension. 
Osnago creek, south of Portville, on extension. 
Allegany river at head of canal, Millgrove. 

Erie Canal. 

During the past year no interruption to navigation,, worthy of 
notice, has been experienced, with the exception of that caused by 
the break, at M^bee's waste wier, which occurred on the night of 
October 14th, 1865. A portion of the waste wier and one hun- 
dred feet in length of the berme bank was carried out to a depth 
of six feet below canal bottom. Temporary repairs made, were 
sufficient to obtain navigation in the shortest time. 

Permanent repairs were made, and the waste weir and discharge 
channel reconstructed during the following wiater and spriiig, at 
an expense of $12,279.36, of which amount $7,279.36 was paid 
by the State. 

Work undeb Contract during the Year. 
On the contracts for bottoming sections No. 291, 292, 294, 295, 
296, 321 and 322, nothing has been done^ during the year, 

I would reiterate the recommendation of last year's report, tJiiat 

* 

means be provided for the completion, during the coming winter, 
of the work contemplated in these contracts. 

The estimated cost to complete is |25,200. 

The work embraced in the contracts for sections No. 361, 362, 
364, 365 and 366, between Touawanda and Black liock, has been 
completed. 
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A contract was entered into for dredging a channel below the 
ship lock, at Black Bock, and has been completed. 

The work of dredging a portion of the Erie basin, at Buffalo, 
16 not yet finished. 

For complete information, in regard to the above-mentioned 
work, attention is called to annexed table. No. 2» 

Misc£u:j^£OU8 Kepaibs. 

Among the important improvements and repairs of a miscella- 
neous character, made during Jthe year under the supervision of 
this department, are the following: 

Repairing break at Mabee's waste weir, previously mentioned. 
Stopping leak and securing culvert at Shelby basin, at an ex- 
pense of $2,794.50. 

There has been expended the further sum of $3,329.78 in filling 
on the face of the towing path high bank, near Four Mile Grocery. 
Previous to the adoption of this plan, the embankment was con- 
stantly sliding off on the outside, as the result of heavy rains and 
the leaching of water through the bank. Large sums have been 
expended in the way of outside protection , but not with entire 
success. The present plan of filling on the inside face of the bank, 
and cutting off on berme, to preserve water-way, has proved effect- 
ual, and the farther sum of $2,500 will finish the improvement and 
render the bank entirely secure. 

The weigh lock discharge and State house lot have also been 
improved and made convenient and safe, at an expense of 
$3,429.55. 

Stone protection has been placed at different points on repair 
section No. 12, and the repairs of the break of March 17, 1865, 
on repair section No, 11, have been completed, at an expense of 
$15,968.72. 

For a detailed statement of this class of work done, see annexed 
table No, 3. 

Work Eequired to. be dokb During next Fiscal Year. 

This division of the Erie canal has been kept in very efficient 
condition during the past season, and cm be so maintained at a 
moderate outlay in the way of extraordinary repairs on the part 
of the State. 

A protection wall is required on the rear of a portion of the 
towing path bank on section No. 366, where the bank has to sus- 
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tain the wash of Niagara river. At all times the current of the 
river is very rapid and in high winds carries off immense quantities 
of earth from the bank, and with greater facility from the fact 
that it is constructed of a clay which, when saturated with water 
runs off very readily into the river. The estimated cost of this 
improvement is $8,700. 

The old tow path docking on section No. 368, between Black 
Rock Ferry and Black Rock is worn out. This docking was 
built many years ago of old timber, and was not started at bottom 
of canal. As a consequence, it is being constantly undermined, 
the bottom pushed out and large holes made in the towing path 
by the action of the water, requiring a large annual outlay to 
keep it in passable and safe condition. 

Piles have also been driven along the bottom of this old dock 
to retain it in place, but as they could be driven but a short 
distance, in consequence of their striking the rock, they have also 
been pushed over and out of shape in such a way as to obstruct 
the passage of the tow lines over them. 

The improvement recommended consists in straightening the 
towing path by sinking cribs of timber outside of the present 
docking to canal bottom and constructing thereon a vertical wall 
commencing at low water and extending to top bank. The esti- 
mated cost is $54,300. 

The lower part of Black Rock harbor fills up very rapidly, as 
the result of deposits from the city sewers and sand from the 
lake shore. To remedy, this as far as possible, and retain with- 
out constant dredging the full advantage of the harbor, it is re- 
commended to construct a jetty, consisting of piles closely driven, 
700 feet in length near the head of the harbor, thus contracting 
the channel opening to about 300 feet in width. 

The lower part of the harbor should also be dredged out to 
accommodate vessels and to increase the facilities for feeding the 
Erie canal east. During the past season a portion of the State 
pier along the harbor has been tightened with gravel, which has 
had the good effect of saving a vast amount of water, diminishing 
the current in channel and raising the water in the harbor about 
nine inches. There still remains about 1,300 feet of same, which 
should be improved in like manner. It is also desirable that the 
channel at the entrance of ship lock at Black Rock, and also below 
it, should be somewhat enlarged. 

The estimated cost of these several items of work is $14,600. 
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The great increase in the number of elevators, coal and lumber 
yards along the Erie basin in the city of Buffalo requires that the 
channel should be excavated to its full dimensions of 300 feet 
width and 13 J feet deep, to accommodate the business interests 
there located. The entrance to this basin at the south end of the 
breakwater is not considered of sufficient capacity to accommo- 
date the navigation. 

It is therefore recommended to dredge out a new channel at 
the north end of the breakwater, 300 feet wide and about 900 
feet long. 

The estimated cost of this improvement is $17,500. 

The Main and Hamburgh street canal in the city of Buffalo 
requires some important improvements. 

The canal is so shallow that at times of low water in the lake 
there is none at all in this canal, and the liquid mud in the bot- 
tom becomes malarious and a public nuisance.^ The sides of the 
canal, having neither wall nor docking, affords but slight facilities 
for the lading and unlading of boats. 

The whole canal should be dredged out for a distance of about 
5,000 feet, as originally contemplated by a resolution of the Canal 
Board, and the towing path walled or docked for a distance of 
about 3,000 feet. 

The estimated cost is $36,700. 

The towing path near Rochester weigh lock was originally 
finished with a plank facing on the inside. Much trouble has 
been experienced in keeping this facing in place, in consequence 
of the collection of water let down against it from the drain from 
dwellings adjacent, and the action of the frost upon it thus circum- 
stanced. This facing is decayed and nearly worn out, and I there- 
fore recommend that there be constructed in its place a durable 
vertical wall, at an estimated cost of $10,400 over cost on original 
plan. 

Much inconvenience and delay have been experienced in ope- 
rating the weigh lock at Rochester in consequence of the contracted 
and tortuous channel of the canal east and adjacent to it. It 
should be improved by staightening the berme line and the con- 
struction of a vertical wall for a short distance. Estimated cost, 
$7,300. 

The vertical wall west of the Rochester weigh lock between the 
canal and mill race should be msed to protect and secure the 
towing path bank, at an estimated expense of $1,800. 
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The timber bridges on this division will moatly hare to be 
rebuilt within the next three years, and probably nearly one- 
quarter of the whole number next season. 

This class of bridges have to be rebuilt as often as once in 
eight to ten years. I would respectfully recommend that when 
rebuilt, iron should be substituted in towns and Tillages and on 
great thoroughfares, and in all other cases where it is not thought 
advisable at present to reconstruct entirely of iron, that iron 
chords and shoes be substituted for the present plan. 

Belieying this to be the true policy, I have estimated as neces- 
sary for such change of plan on this division the coming year, 
$20,000. 

In the following statement I have designated the more import- 
ant items of work, with their estimated cost, which, in my 
opinion, requires to be done the coming season: 

Protection wall on rear of towing path bank, on section 
No. 866, to protect bank from the wash of Niagara 

river |8,700 

Vertical wall in place of timber facing on towing path 

east of and opposite to weigh lock at Sochester 10,358 

Straightening line on berme from Bochester weigh lock 

to Griffith street bridge 7,300 

Complete a vertical wall west of Rochester weigh lock, 

outside of towing path, along the mill race • 1,800 

Complete the filling in and securing the towing path 

high bank near Four Mile grocery 2,500 

Baising, enlarging and securing banks 44,000 

Changing plans of bridges 20,000 

Completing the Clark &, Skinner canal 20,000 

Straightening tow path and constiiiction of a vertical 
wall on Sec. No, 368, between Black Bock and Black 

Bockferry 54,300 

Constructing a pile jetty at entrance to Black Bock har- 
bor, and other improvements 14,600 

Improvement of Erie basin 17,500 

Improvement of Main and Hamburgh street canal, at 
Bufl&lo 36,700 

Genesee Valley Canal. 

There have been several small breaks on this canal during the 
past season, causing at each a short detention to navigation. The 
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principal one of these was the leak at HaskilVs Creek waste weir 
on the extension, which took several days to repair. The leak 
was caused by the settling of the inside wings of the abutments, 
which were not secured on a proper foundation when built. Ee- 
pairs were made by taking up the wings and surrounding the ends 
with a bank of earth; This structure will require to be overhauled, 
and the wings rebuilt on a pile foundation during the coming 
winter. The estimated cost of the work required is $1,600. In 
the present condition of this canal, with its old and worn out 
structures, built on cheap, and in some cases defective plans origi- 
nally, the most careful attention will fail to guard against often 
recurring casualties of this character. ^ 

Present CoNDmoN of Work under Contract during the Year. 

The contracts for constructing locks of stone in j)lace of wood 
locks have been completed. Locks No. 11, 15, 31, 38 and 53 
have been thus rebuilt on change 'of plan and brought into use. 

In the reconstruction of these locks it was found that the lower 
courses of timber in the old lock chambers for from eight to ten 
feet from the bottom were sound and in a good condition, and 
only the top six or eight feet decayed. In view of this fact I 
would recommend the remaining eight wood locks on section No. 
2, should be repaired by taking out the decayed timber and 
replacing i^ith new, the earth taken from the rear of the side 
walls, and they pressed back and tied in their places, the lower 
wings rebuilt of timber, and new gates an(J valves be inserted 
during the coming winter. I recommend this plan as being much 
cheaper than that of rebuilding of stone, and believe that thus re- 
paired these locks will prove efficient and stand for many years. This 
plan also diverts the services of a less number of laborers in the 
spring from the ordinary repairs of the canal, a consideration of 
importance in that locality, where labor at the best is scarce, and 
where so much of it is required every spring to put the canal in 
navigable order. 

There remain eight locks of this character, designated as locks 
No. 14, 17, 18, 19, 30, 37, 39 and 40, all of which should be 
repaired at an early date, and more than half of them can hardly 
be expected to last another season without the repairs above- 
mentioned. 

The estimated cost per lock on this plan is $7,000 00 
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The culvert uuder the canal on section 66 has been 

completed and brought into use at an expense of ... $1,500 00 
For details of this class of Work reference is made to table No. 

2, hereto annes:ed. 

Miscellaneous Bepairs. 

Among the miscellaneous repairs done under direction of the 
Canal Commissioner are the following : 

Protecting canal bank on repair section No. 3, at a cost of $2,063 94 
Eeconstructing portions of wing and securing lower end 
of Piffardinia waste weir on repair section No. 1, at a 

cost of..? 1,189 22 

There has been paid the further sum of. 34,630 00 

for repairing the breaks of March 17th, 1865, on re- 
pair section No. 1. See annexed table No. 3. 

Work Required to be Done during next Fiscal Year. 

The north timber trunk at Portage is in a rery dilapidated and 
unsafe condition. Work amounting to about $7,000 was done in 
the spring of 1864, with a view of replacing this trunk with a 
prism and banks of earth, (Supported on the rear with stone. Since 
that time no money has been provided to complete the work, and 
every season large quantities of the earth, already placed for bank, 
are washed away by leakage fiom the old trunk and the surface 
water. I fear that the old trunk will not stand another season, 
and I trust provision will be made for the speedy completion of 
the earthwork contemplated in the work already commenced, to 
replace the timber trunk. The estimated cost is $19,000. 

Much detention has occurred in years past from lack of water 
to supply the Cuba summit. To remedy this, act, chap. 170, Laws 
of 1864, was passed, which provides for taking Lime lake as a 
reservoir. No funds have as yet, however, been provided for the 
construction of the work, and it has not been commenced. 

The following description of this lake is taken from the report 
of O. W. Storey, as embraced in the State Engineer's report for 
.1865, page 82 : 

*< Lime lake is about one mile long, north and south, and has an 
average width of about sixty rods. It is located in. the north part 
of the town of Machias, in the county of Cattaraugus, and is a part 
of the head of Cattaraugus creek, consequently its waters flow into 
Lake Erie. It is contemplated to make the reservoir about one 
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and a half miles long, with an average width of ninety rods, by 
building a bank at the north end twenty-two chains long, and one 
across the swamp at the south end seventeen chains long, of suffi. 
cient height to raise the water fifteen feet above the present surface 
of the lake. It is also contemplated to draw the lake eight feet 
below the present surface. 

"The reservoir is to be filled from the Ischua creek during the 
spring flood ; also to hold a portion of its surplus waters in sum- 
mer freshets." 

For use in dry weather the water is to be passed down Ischua 
creek to the present canal feeder, a distance of about fifteen miles. 
The cost of the work is estimated at $160,000. With the reser- 
voir constructed, and the aqueduct, waste weirs and lock valves 
made tight, and the water in every other way properly husbanded, 
I believe the canaL could be supplied with sufficient water the 
dryest season through, for the purposes of navigation. 

The Ischua feeder aqueduct, about one mile north of Hinsdale, 
is worn out. The timber is very much decayed, and the piers and 
one abutment in a precarious condition. A part at least of this 
structure should be rebuilt during the ensuing winter and spring. 
The original plan on which it was built was very defective. The 
present structure is three hundred and sixty feet in length, pass- 
ing the feeder water over Oil creek and the deep valley through 
which it flows. This feeder is one of the main sources from which 
that portion of the canal is supplied with water, and will become 
still more important after the construction of Lime Lake reservoir, 
which will also discharge its waters through this feeder. In no 
case should the aqueduct be reconstructed on the original plan, 
and in view of its present and prospective importance it should be 
reconstructed in a stable and permanent manner. 

Ischua feeder should be widened and the banks raised, to enable 
it to pass more water, as during the dry season, when Oil Creek 
reservoir is exhausted, it is almost the only source of supply for 
the summit canal. The estimated cost is $3,000. 

There are many lesser items of work which equally require to 
be done during the ensuing year, which I have designated in detail 
in the following statement. 
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Work Recommended to be Done during coming Year. 

Constructing a prism and bank of earth in place of the 

north timber trunk at Portage $19,000 

Protecting the canal at Griffin creek, Cuba 3,600 

Guard bank from the bulkhead of Caueseraugus creek 
feeder along the creek to protect caual and feeder 

.from floods • 1,300 

Repairing timber locks Nos. 14, it, 18, 19, 30, 37, 39 
and 40, by renewing part of chambers and lower 
wings 56,000 

Guard bank from Bapids lock to the railroad embank- 
ment near Rochester, to protect canal from floods 8,000 

Securing the towing path slide bank near Brushville 

with slope wall and gravel lining 675 

Constructing two sluices under towing path hear lock 

No. 31 to convey small streams into canal 450 

Securing and strengthening Haskell creek waste weir by 
relaying a portion of the abutments of same on a pile 
foundation 1,600 

Protecting canal bank where Champlain creek empties 

into it 350 

Protectmg canal bank where Black creek empties into it, 200 

Making a reservoir of Lime lake 160,000 

Making a waste weir safe on Portage level 1,000 

Raising towing path bank at Smith's Mills, south of 
Hinsdale, to prevent flood waters of Olean creek from 
flowing into it 1,400 

Enlarging and raising towing path west of Cuba waste 

weir 2,000 

Rebuilding bridge at Hunter street, Rochester (change 

of plan) 5,000 

Reconstructing Ischua feeder aqueduct near Hinsdale . . 20,000 

Protecting canal bank opposite and below lock No. 69 

with stone and brush 6,000 

t!onstructing bulkhead and gates to use Smith's mill- 
pond, near Hinsdale, for a feeder 1,200 

To change channel of creek on Breed & Gay's land north 

of Cuba 500 

Widening channel and raising banks of Ischua feeder. . 3,000 

Widening channel of canal in cuts at Dumplin Hill and 

other places 3,000 
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Work Authorized by Act of Legislature, but not yet 

Commenced* 

Amount of Estimated 

j^ • 1 appropriation. oo8t« • 

Sewer in the city of Lockport $5,000 $10,000 

Baising canal banks through the city of Ro- 
chester 25,000 26,600 

Alterations in Genesee River dam -near Ro- 
chester - 5,000 2,400 



$35,000 $39,000 

Genesee Valley canal: 

Reconstruction State road bridge at Nunda .. $4,128 

Improvement at Moscow landing $3,000 5,000 

Construction Lime Lake reservoir. - 160,000 

Building iron bridge at Tremont street, Ro- 
chester • 7,500 7,000 

$10,500 1176,128 

Respectfully submitted, 

W- W. JEROME, 

Adinff Dim^ion Engineer. 
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REPORT OF COMMISSIONERS, 

UNDER ACT CHAPTER 491,LAWS OF 1866, FOR THE 
IMPROVEMENT OF THE HUDSON RIVER. 

During the past season the Commissioners appointed under the 
above named act, by which one hundred and fifty thousand dol- 
lars was appropriated, to be expended in the improvement of the 
Hudson river, have, as indicated in the report of the commission 
of 1865, caused the principal expenditure in the correction of the 
then formidable obstruction at Willow Island bar, situated near 
New Baltimore. 

A longitudinal dyke or pier has been constructed at this point, 
4,507 feet in length, averaging 14 feet in width, and in a depth of 
water varying from 3 to 16 feet, averaging 11 feet at ordinary 
high tide. In its construction, 212,532 feet of piles have been 
driven, 78,456 feet of pine and 142,836 feet of hemlock timber, 
38,713 pounds of rods, bolts and spike, 15,352 cubic yards of 
rough stone, 8,536 yards of stone chips, and 5,074 yards of slope 
wall stone have been used. 

The cost of materials and labor has been $110,951,97. 

The wood work and filling is completed as far as constructed, 
except the surface slope wall, of which 4,800 square ^eet is laid, 
leaving 45,660 square feet to be completed. 

A dyke has been commenced — 924 feet of which has been con 
structed — across the mouth of Schodack channel, the pileing, tim- 
ber work and stone filling of which has been completed for the 
distance named. No part of the surface slope wall has been laid. 

Cuyler's dyke, constructed in 1865 — but left in an unfinished 
state — has been completed. Coeymans dyke has been extended 
along the face of MulVs island 460 feet, forming a half dyke. 
Castleton dyke has been repaired, a large amount of excavation 
by dredges done at the new dyke near New Baltimore, at Round 
shoals. Fish House bar, at Castleton, and at the upper end of the 
U. S. dyke below Albany. 

Dredging at the last named point, at a cost of $9,215, became 
necessary, in consequence of a new and formidable shoal, of mate- 
rial deposited in the channel by reason of an ice dam, formed 
during the freshet at the breaking up of the river. Previous to 
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its removal much detention was experienced, as well as a conside- 
rable loss of property by grounding of vessels and collissions. 

EXJPENDITURES. 

Construction of Baltimore dyke, 4,507 feet $100,951 97 

Construction of Schodack dyke, 924 feet 9,293 15 

Extending Coeyinans dyke 460 feet (half dyke) 1,930 85 

Completing Cuyler's dyke, commenced in 1865 4,570 94 

Repairing Gastleton dyke 326 10 

Repairing U. S. dykes 290 32 

Dredging new shoal at the head of U. S. works be- 
low Albany, caused by darning of ice in spring 

freshet 9,215 00 

Dredging Willow Island bar at Baltimore dyke 14,443 00 

Dredging at Castleton 507 50 

** Kellogg shoals 1,274 00 

** Roundshoals 2,156 00 

FishHouseBar 5,527 00 

Materials on hand 5,909 50 

Miscellaneous Disbursements. 

Removing wrecks, stumps and other obstructions, 

placing buoys, lights, &c 3,074 00 

$159,469 33 
Resources. 

Unexpended, of appropriation of 1865, $9,469 33 

Appropriation of 1866 150,000 00 

159,469 33 



To complete the works commenced will require, as near as cau 
be estimated, the following sums: 
To construct and extend Baltimore dyke, 

l,365feet.. - $32,268 60 

To complete slope wall of portion now 

constructed 5,609 34 

$37,877 94 

To construct and extend Schodack dyke, 1,914 feet, 27,146 83 
Dredging 25,000 00 

$90,024 77 



If the Legislature decide to continue the work, by making an 
appropriation of a similar amount as that of the past year, it is pro- 
posed to expend the balance, after completing the unfinished 
work, in the construction of dykes between Troy and Albany. 
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Various plans for the improvement of the Hudson river have, 
from time to time, been discussed. Some of them have been par- 
tially carried into operation, and all have differed essentially in 
some material points. 

The magnitude of the interests involved, and the danger of 
theorizing in a matter of so much delicacy as the action of freshets, 
currents and tides, has caused those whose duty it has been to 
consider the subject, no small degree of embarrassment. 

The Commissioners appointed by the Legislature '*to control and 
expend'' the appropriations of 1863, 1864, 1865 and 1866, entered 
upon their duties feeling the same embarrassment, and have pro- 
ceeded in the performance of the trust confided to them with 
caution. 

Having now had the benefit of the several surveys, the reports 
of which, accompanied by maps, have been carefully studied, and 
the changes in the bed of the river noticed and traced to their 
cause, with their own observation during four years of experiencet 
the Commissioners feel better able to consider and to decide as to 
the mistakes and errors committed, as well as to what, in their 
opinion, is the most feasible and practicable mode of improvement. 

The following plans have been proposed: 

At an early day "wing dams" were constructed, from the shores 
in the neighborhood of shoals, to contract the channel and cause 
the freshets to disperse them. 

A project of a ship canal from Albany to New Baltimore was 
considered, surveys made, and estimates submitted. It was pro- 
posed to construct a canal of the following dimensions, 35 feet 
wide, 18 feet deep, and 12| miles long, at a cost of $1,202,365; or, 
for a canal 300 feet wide, at a cost of $2,174,640. 

Another project for a canal was considered, and submitted to a 
committee appointed by the city of Albany, 12 miles long, 120 
feet wide, 20 feet in depth, with locks to pass vessels 300 feet long 
and 50 feet wide, at an estimated cost of $2,450,000, and an annual 
expense of $75,000. It was proposed to elevate the canal 20 feet 
above the surface of the river, and to supply the water by steam 
power, at an additional cost for engines and pumps of $180,000, 
or by reservoirs, at a cost of $428,100, using neighboring streams 
to fill them. 

It has also been proposed, **by the greater or less contraction of 
the width, to obtain a corroding action of the freshets by using 
Idgh longitudinal dykes, 7, 8 and 9 feet above ordinary high 
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water," depending mainly on such means to scour out a channel, 
ignoring the ebb and flood tide acti'on, and conclude their influence 
to be so slight as not to be worthy of consideration. 

From 1835 to 1839 this system was being carried out under the 
direction of Capt. Henry Brewerton, with appropriations froto 
Congress, when the operations were suspended in consequence of 
change of policy as to internal improvements 

Major Delafifcld, in 1852, by direction of Congress, made a full 
and elaborate survey of the condition of the river. He condemns 
high dykes and wing «dams, and considers the scouring process of 
freshets, recommended to be used by former engineers, an evil. 

Large sums have been appropriated by the Legislature, by the 
cities of Troy and Albany, by subscriptions, and by individuals 
interested in the navigation of the river for dredging, with great 
but temporary benefit. 

The constiiiction of wing dams has been a fatal error, causing 
the daming of the ice, by reason of which extensive shoals have 
been formed; have increased the height and prolonged the dura- 
tion of the floods which have been so disastrous, by inundating 
the cities and villages above them; have deflected the currents, 
cutting away the banks, and transferring shoals from place to 
place, and have checked the velocity and rise of the tides in their 
upward flow. 

Maj. Delafield says, in his report, that **they add artificial to 
natural obstructions, and make the river worse than when left to 
itself." 

The longitudinal dykes built under the direction of the U. S. 
engineers, have been productive of great good, having eradicated 
the -^overslaugh" and several other bars, the importance of which 
to the navigation of the river has been, and is, incalculable. The 
cross dams connecting them with the shore, at intervals forming 
basins, have been unwisely constructed, for sanitary and other rea- 
sons. They are unnecessary, serve no good purpose, and have 
contributed to the dilapidation of the principal structures. 

The recommendation of high dykes and a sufficient contraction 
of the river to scour out a channel by the abrading power of the 
freshets, without recourse to dredging, and to ignore the effects of 
the tides, was undoubtedly a grave error. 

The great evil to be guarded against is the corroding and 
abrading scour of the bed of the river, and the wearing away of 
the banks by the action of the freshets. Undue contraction of the 
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width, gaining thereby undue velocity to disturb the bed of the 
river, is disastrous, as it serves but to change the locality of the 
evil sought to be corrected. 

A canal would have restricted and embarrassed the trade, and 
would now be utterly inadequate to accommodate the present 
and increasiuor traffic of the river- It was fortunate for the inter- 
ests of the State canals, and of the cities of Troy and Albany, that 
the project was abandoned. 

Dredging as a remedy is not only expensive, but is ttmporaiy in 
its effects, as, without some means of maintaining the required 
depth permanently, after shoals have been removed, the same 
causes by which they were originally created will reproduce them. 

For example, the corporation of the city of Troy has expended 
each year, from 1825 to 1867 — (in addition to the amount ex- 
pended by the State) — sums reaching the aggregate of $127,248^^^, 
iu dredging, which would have been almost entirely unnecessary, 
had lAngitudinal dykes been constructed and properly located, in 
place of the construction of wing dams. 

. The greatest obstructions are usually found where the river has 
attained an unusual width, and where, by the spread of the water, 
its velocity is diminished, and a consequent deposit of material is 
constantly going on, foi*ming bars and shoals. 

The system of improvement acted upon and recommended is: 
To gain the desired depth and width by dredging; to narrow the 
river, and confine the currents and tides in the channel excavated 
by single or parallel piers or dykes, restoring a velocity sufficient 
to prevent deposit of material; to widen by cutting off points 
where it is too much contracted to allow the free passage of the 
flood tides; to protect the banks from wearing away, and to close 
up side channels. 

Low structures are used, and care taken to avoid too much con-; 
traction, in order to prevent a disturbance of the bed by a scour- 
ing process. They allow freshets and ice to pass over them, and, 
by being often submerged, decay of timber used in their construc- 
tion is prevented. They must be substantial, to prevent under- 
mining and to resist the pressure and abrasion of the ice. 

By thus controlling and leading the freshets and ebb and flood 
tides in the same courses by easy and gentle curves, decreasing 
friction and removing obstructions, in addition to the gain of depth 
by the use of the dredge, there is also a gain by causing the flood 
tides to pass up quicker and to rise higher. 
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The **Coast survey'' obseiTation of tides in 1856 show that there 
was a loss of rise and fall of tide between Stuyvesant and Albany 
(24 miles) of one foot and, a half, while from New York to Stuy- 
vesant (78 miles) the loss was only 5 inches. 

Muj. Delafield argues ^*that a foot and a half may be gained at 
Troy and Albany by promoting the flow of the tide alone." 

It has been ascertained by careful observations at Albany dur- 
ing the past season, that five inches of t^is loss has already been 
regained, which is manifestly due to the operations of the last four 
years, and there is no doubt that, by the use of proper means, all 
or nearly all of the loss can be made up. 

In conssquence of the gradual clearing up of the country adja- 
cent to the Mohawk and upper Hudson, the rain as it falls finds its 
way into those streams in a much' shorter space of time than in 
former years, causing freshets to follow more rapidly and violently^ 
and with consequent longer intei*vals betwjB^ the effects of the 
rain falls. The necessity then of leading the" flood tides up more 
freely during such intervals — when most needed — is apparent. 

From this cause — hut for the artificial improvements — the navi- 
gation would have been subjected each year to increased embar-. 
rassments and delays. 

The aim of the commissioners has been to provide a practicable 
channel of eight feet at the lowest stage of the water from Troy 
to New Baltimore, and from 10 to 11 at ordinary high water. 

This has been attained below Albany and can be maintained by 
completing the works commenced and by a small annual outlay 
for dredging. Between Troy and Albany the same result can be 
accomplished by the same means. The navigation above Albany 
during the past season has been subjected to less detention than 
during any former season, in consequence of the operations below 
allowing the ascending tides more freedom. 

When these results have been reached, if desired, by extending 
the operations, a wider channel, more direct, and more easily navi- 
gated can readily be obtained to accommodate vessels drawing 11 
feet at ordinary low water, and 14 feet at high water. 

By the decease of Thomas Schuyler, one of the members of 
this commission, the survivors lost an associate whose life-long 
knowledge of the river, its navigation aid requirements; his con- 
victions of the importance of improving this great **highway of 
commerce." and his business qualifications, peculiarly adapted him 
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